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FUNCTIONAL INDEX 

^1^^ Data Communieation Products 



Part 
Number 


w-SMs}m!S':mM 


m:mm;:mmmmmm fiftnSWffis mMmimmiimi:m.i 


lUCax 


Power 
Supplies 


Package 


Page ! 


;i{i:::sMliffli5;ffiirS; 


iiiffli;iHi!iiS;!ffii=iiiirii^^ 


Baud Rate 


COM i553A 


1553AUART 




1MB 


+ 5 


40 DIP 


35-50 


COM 1553B 






1MB 


+ 5 


40 DIP 


51-66 


COM 1671 


l\^^mfflBM?& 


;:A|;ySi3iijpp^^ 




+ 5, -5, +13 


40 DIP 


67-82 




1 MB 


COM 1863 


WMKMSM 










83-90 


i jS&asSiifiaiJl'liiiiE&EieS^ Jiffi 






llllllliillll 


|i|i|li;i;§gg|iiiil|i|i^^ 


62.5 KB 


+ 5 


40 DIP 


COM 2017 


"mmmmSM 


T^Mm^^:,^^^<MB&^&^ix^im0W0M 












lililjllll 




25 KB 


+ 5, -12 


40 DIP 


91-98 


COM 2502 


m^mmmm 


W^^^^iiS^^^E^msm^m^HM^ 








91-98 




mfMm-MMiMm 


mmmmm^msmm^^^iMmmm 


25 KB 


+ 5, - 12 


40 DIP 




S!:;;s,«:;t:;uh!-aBr; •;;!!! Msi! 


mMmm^ummmmm>mmmmMwmmm 


COM 2061 




iiii^HpiiBiS8hiMil8iiiii i- 


250 KB 


+ 5, -12 


40 DIP 


99-106 


COM 2651 


iiiSiiiliiiif 






+ 5 


28 DIP 


107-118 




1MB 


COM 2661 


ii§liliililil 




1MB 


+ 5 


28 DIP 


119-130 


iiiiiiiiiiiiii! 




COM 5025 


PiiiiilliiiiS 








40 DIP 


131-142 


1.5 MB 


+ 5, +12 




HKiHHniiis^i^lllpy 


Mi^SI0m0M&Mm^^&M^Mime^miM 




COM 7210 






8 MHz 


+ 5 


40 DIP 


143-154 




^^mmmmmmi 


COM 8004 


Mmmmm 


:}ii^^imS0^smmmmmM^^^^MmSm 




+ 5 


20 DIP 


155-160 


!i^g|f|p|p@g|||i|;||||||^ 


2.0 MB 




^Mm^mimsm 


COM 8017 


iplliiiiiiiifi! 




40 KB 


+ 5 


40 DIP 


161-168 


COM 8018 


Illlllllllillll 




62.5 K5 


+ 5 


40 DIP 


83-90 




mmmmmm 


COM 825 lA 






64 KB (sync ; 
9.6KB(async'; 


+ 5 


28 DIP 


169-184 


COM 8502 


jPiliJIIIillii;; 




40 KB 


+ 5 


40 DIP 


161-168 


COM 9004 


; Tpansniltter' 


IBM 3274 Cbmpa*ibie;rec!atv'er/ , v. ;: ■ IaU. 
;transinittep r;! 


2.36 MB 


+ 5, ±12 


40 DIP 


185-192 


COM 9026 


.MJSPG-:::.: 


^LocalArea Ketw:oi^;Ci3ii;& 
pasiS^systenis ■ 


2.5 MB 


+ 5 


40 DIP 


193-208 


COM 9032 


LAHT:- \: \ ■;::: 


^Qibcai Area- Setwork fi^asceiver ^ ;■;:" ^^ " v ;: m:; ;■''■■■ : '2;5-MB^ ■::::; :^ ■" j 


+ 5 


40 DIP 


209-214 




Baud Rate Generator 



Fart 


Itesoriipttan 


X'eatiores 


"Bower 


W0X3tMg» 


Tage 


COM 6016 


Ihxgtl Baiid B^te 0«neratqr 


On-cMp oscillator or external 


+5, +12 


18 DIP 


21?-218 
21'?-218 


G0MS016T^^" 


Dual Bauct Bate Generator 


External IrBQuenoy input 


+ 5. +12 


, 18 DIP . 


COM 6036 


Bin^e Basid Bate G«nepat03? 


On-cMp osciEator orexternal 
fpequency input 


+5, +12 


14 DIP 


219-224 


COM 50S6T(^' 


Stogje Bau<i Bate Generate? 


Bxternai frequency inuut 


+ 5. +12 


14 DIP 


219-224 


COM 5036 


Dual Baud Bate Generator 


COM 5010 witii additional 
output of imsutfreouency -s- 4 


+ 5, +12- 


18 DIP 


217-218 


COM5036T<i> 


Pual Baud Bats Generator 


COM SOieT wititi additional 
output of input fipe<3uenc!y * 4 


+ 5, +12 


16 DIP 


2ir-216 


COM 5046 


Stagle Baud Bate Generator , 


COM 6086 wltli addlttonai 
outimt of input frequency -i- 4 


+6, +12 


14 DIP 


219-224 


C0M5046'F^) 


Singla Baud Bate Generator 


COM 5026T wttH arttlltional 
output of input fJ-esiuenqy ■*• 4 


+ 6, +12 


14 DIP 


819-284 


COM 6046 


Single Baud Bate Generator 


38 ttaud rates ; IX, 16X, 3SX cloclE 
outputs; single +8 volt supply ,, 


+6 


16 DIP 


285-826 


C0M8046T<i> 


Sin^e Baud Bate Generator 


COM 8046 -with external frequency 
input only 


+ 6 


16 DIP 


225-226 


COM 8116 


Dual Baud Bate Generator 


Single -fS volt version of COM 6016 


+8 


18 DIP 


827-228 


C0M8116'Fi> 


Dual Baud Bate Generator 


Single + 5 volt veralon of COM 8016T 


+S 


18 DIP 


827-228 


COM 6126 


Stogie Baud Bate Generator 


Single +SvoltversionofGOM8026 


+ 6 


14 DIP 


229-236 


C0M8126Tf» 


Stogie Baud Bate Generator 


Single 4- 5 volt version of COM 5026T 


+5 


14 DIP 


229-836 


COM 8136 


Dual Baud Bate Generator 


Stogie + 5 volt version of COM B036 


+5 


18 DIP 


227-228 


C0M8136T«'J 


Dual Baud Bate Generator 


Single + 5 volt version of COM 5036T 


+ 5 


18 DIP 


227-228 


COM 8146 


Single Baud Bate Generator 


Stogie + 5 volt version of COM 8046 


+ S 


14 DIP 


229-836 


COM BMe'F^J 


Single Baud Bate Generator 


Stogie + 5 volt version of COM 6046'? 


+6 


14 DIP 


229-856 


COM 8156 


Dual Baud Bate Generator 


High-frequency clocX toput version 
of COM 8,116 with additional outputs 
of toput frequency t- 2 and -j-S 


+OT 


18 DIP 


237-240 


COM 8156T 


Dual Baud Bate Generator 


External dock toput version of 
COM 8156 


+5¥ 


18 DIP 


237-240 




CRT Display 

TIMING CONTROLLERS 



Part 


JJmaexiTB^on 


Features 


Display 
Format 


Max 

dock 


Power 
Ekti^Ulos 


Faclcage 


Page 


CBT5027 


Provides all of the timing 
and control for mterlaced 
and non-toterlaced CBT 




programmable 


4 MHz 


+ 5. +12 


40 DIP 


E43-250 


CBT 5037 


balanced heam toterlace 


programmable 


4 MHz 


+ 5, +18 


40 DIP 


243-250 


CaT5047<^' 


fixed format 


80colutan 
24 row 


4 MHz 


+5, + 12 


40 DIP 


251-258 


CBT 5057 




Itoe-lock 


programmable 


4MHi2! 


+ 8, +12 


40 DIP 


243-250 


CB1'7220A, 

-1,-2 


Graphics Display- 
Controller 


Intelligent graphics 
display controller 


1024x1024 Pixel 


6,7,8 

MHz 


+5 


40 DIP 


259-288 


CBT9007A, 
B,C 


CBT video processor 

and controller 


sequential or row- 
table driven memoiy, 
pKjgpaanmable DSdA 


programmable 


A-3.7MHZ 
B-3.35MHZ 
C-2,53!IHz 


+ 5 


40 DIP 


319-338 





VIDEO TERMINAL LOGIC CONTROLLER 








Part 
nomlier 


BescriptLoii 


Featnres 


Sisi^y 
Format 


jAttrJSmtes 


Max 
doclc 


Power 
Supply 


imM&* 


Page 


CBT902S"' 


Complete CBT video pro- 
cessor and controller. Dis- 
play and attribute control 
for alphanumeric and 
graphics display. Two 
types of processor toter- 
fibce signals differentiate 
the 8 parts. 5 x 8 charac- 
ter generator. Video shift 
register. 


Separate dis- 
play memory 
ehmtoates 
contention, 
smooth scroll, 
status row, 
ta^astnbutes. 


programmable 


Beverse video, 
blank, bitol?:, 
tinderltoe, 
toteasa?y 


14MHsi 


+ 5 


40DIP 


351-366 



'Maybe custom mask programmed 




CRT Display coiirT. 



V2>A.G™ DISFLAX* GONTROLIJEiRS 





BBS0Me^&M^&M 


liliii®PiSi 


Attributes 


Max 
Clock 


Power 
Supply 


Package 


Page 


tM0W&M«Smm 








25 MHz 




ilPSMBIW 


297-304 


SiSSI^I^ili 


Jft^^B 


283-296 


^^8^^Wii 


BBSBl 


283-296 


W&^&^HM 


liiiffiiS 


283-296 



VIDEO ATTRIBUTES CONTROLLERS 



Part 
KTumber 


JffliSfiiiicSll^iitS 


^^^^^B 


Wii&M^&B 




Power 
Supply 


Package 


Page 


CRT 8021 








Wll 


llPili 


28 DIP 


305-312 


CRT 9021B 








iHHiSii 


IMi 


tl^Bi 


y^^^il 


CRT 904 lA. B. C 


Provides attributes and 








■iBiii 


liiiKi 


JiiMii 



CHARACTER GENERATORS 



Part 
Number 


'^SX00m0Mii^^ 


WSsSMM&mii 


Power Supply 


Bii^ciiiaifei'ii 


Page 


CRT7004A- ■■ 




SIM0^mmi 


^M 


^^^^8 


255-258 


CRT 70048-:- '■ 


iiliBiaiiii 


CRT7004C-- 


IsfegiisiiBffi 



ROW BUFFER 



mmmmmmmm 


W;§;ES;»SS^Sisiffi^i^^ 


Howiengtli 


Power Supply 


Package 


IM^i^lii 


WiM0^rMi:ij^-iM& 




83 characters 


IB^BI 


llp^ll 


il^^Mli 


mm§00^i^>0Mm 


:Si^;eiS|yE"^at^g;E 


iglSp3tS;:i®ip{ 


;SfX3ifer#emca^i=^:5g^^ 


^i§$§i0M$^^^^}i 


siwfii'iifiii 


lifgl^ll 


ll^i^^lg 



( 1 )May "be custom mask programmed 

t^'Also avaUatile as CRT8002A, B, C -001 Katakana 

CRT8002A, B, C -003, -018 5 x 7 dot matrix 
(^'Also available as CRT7004A,B,C— 003 5X7 dot matrix 
VTIOO and VT220 are registered trademarks of Digital Equipment Corp. 




Keyboard Encoder 



Part 
Number 


No. of 
Keys 


Modes 


ffi|i?;i56«fc«S*S^Mil 






Package 


S^e:l 


KR-3600X.X:- 


90 
(5) 


Blii 








s:':S;^;ffiig£vi- 


'i:4giJfflB;;;;': 


!:gSSi56g:; 


KE-9600 XX 


90 






isPiS 


[|piiS^|i|!ip|e3li;i: 


Pii;*=iMil 


iM|s5:i3fS|| 


jfe^tS^fn 


KR-9601 XX 


90 


mBli 




^isii 


SiSsaiEySlSB^piE^^^^^ 


SW^III:^ 


|;;:^N^|a|»K;;S 


=;iS63-§^H- 


KR-9602 XX 


90 






;^gKD|:g 


'SSS^^^^^ci'P^#SiKyi 


'■mwmM§ 


f:;fe^|)EP|| 


563-574 



^0B Shift Register 



iiS:'S;i:v:;i;::;iS:';!i'P!fti;ii:ii^ 

iiililiiiSiiiiiiiii 


liiiiiiiiSiiiii^^ 


liiiliiilliiiHliB^^^ 


Max 
Clock Freq. 


|||i||||i|i§|i|| 


Package 


IglmSM 


|||||||i5gii||||| 


^iSsiiiRi^iiiiiS^ 




Illlllllll 




111111111111 


||i||||ii 


isiiiiiiiiiiiili 


■l^imi^SS&SMMi&smSBlSi^^^ 


Ii)iiiiiiSiiiilii 


^ii^iSm^M^Sl&m0imiSS3ll^ 


l^iSsiiiiiiii 


''^0M:^i^iSS!MSMSlSSSM$ls& 


ili^iiiillB^^^^^^^^^^^^^^ 


lliiiiliiiM^^^ 




l||iiig|i|| 


afilsSlj'S'BSfe 


sgigm^mi 


lllg|§lf 


llljlllljlllll^^^^^^^ 


Jii|ii^^ii||||||g^^^^^^ 



^10000^ Floppy Disk/Hard Disk 



:':-^ ■ Part.;-- ' 
: Noinlier 


'■■■ Bescrlptioii : ■■>;■,■■ 


■■■■'Se'ctor/r'' 
Poxmat 


■■ ■ ■:■ ■ 
Density 


3>ata 

-■■■■:. Bus.::. ■■' 


SMe Select 

: OtttpUt 


Power 
Sapplies 


Package 


Page 


wDormA . 


Floppy- Dis]s:Gbnti*dileir/Fofma1itei" 


'-■ -.Soft- ■■:■■■■■: 


.Doiible 


-■■Trae.-.' 


. :-..,:-Yes- ■■■■■■■ ■ 


■■■■ +5 ■ 


40.DIP.- 


391-406 


^Bfiei'i'si: -r':'::' 


Floppy Dls:te Controller/Foriaatter.. 


^ ■Soft:-: 


■ .■BQUble.,. : 


:Inve.rted 


■■■■':No: 


+ 5, -{-.IS 


40 DIP-: 


407-422 


jmsi^ms^:. 


:Moppy Bisk GontrDlle»'ForiHattei': 


-■: Soft ■•■v; ■ 


::.Dbul3le 


."True 


■ ■ ■ Fo ■ ■ ■ 


-f5,+12 


. 40 dip:. 


.407-422 


■mmfr&s^:;^^--:::'- 


■Moppy. Disfc GonferoIier/ForSiatter 


■::■■:: -Bait:: ■■:'. 


''^BouMe" ■' 


Inverted 


■■.■ ': Yes^ ■■■■. 


. +5, -f 12 


. .40:I>IP 


407-422 


'f 001^7^:: ■-■-^:^- 


floppy Disk Gontroller/Fbnnatt^]? - 


-■■■■■^' Soft- ■■.■• ■ 


: ^DoxiWe 


■ ■ True ■ 


■:■■■■ Yes- ■■ 


4-5,; -1- 12 


. 40:DIP^. 


407-422 


'pm^0s^::flm 




;;;:;-vS0fl ■::■ : : 


.■iDemMe;:? 


;:::!r»ue-.' 


..■:'::;;Tes ■-.:.; 


:; ■y*^ ■:■ 


■■.40^ip.::; 


.391-406... 


'smmmm--^':'^^\ 


■ittoiJ js^-DisKSatiSfep^aioSi;- :'r;PN 


Sa&JBs^^' 


■y-TicnM^^-: 


^K^-MM.'\: 


■:::-;M^!IM: -■■;:::' 


r.-:;:*©:.:-:- 


v.-.rs-Dip.-..- 


423.426: 


FDC9229T/BT 




Soft Hard 


^■Bmfeie;:''; 


y-MAj;::'/: 


^::;::::;¥|iat:::;;;;:;;^; 


IH:^'^?^--: 


w^mSm^.- 


:-42?-4S4:. 


■m^Q^^/M 




:/^3ftMaj?ci; 


;;33<3ia&tef:- 


%l-^&:l^^.. 


g-:;:;:SK:=:-f:;:. 


m-fS-:;:V^ 


"imwB. 


.-435^44^:; 


mm^miffM 


:iftS^p3si£eorite0llet^ 
isirritie'pi^£k)iypin^aM& 


t^-^f.pgm:M 


^^hEotttie;;:?; 


':':.:l^smB;f-:y 


7::--::^^;;;;r; 


'::'■.■*?■"■:' 


'. 40..DIP: . 


■]MS:4SSl 


mmsmxBWm 


Sspi^ffeisfe^fioHSieiR)^^ 


Soft 


■^■^Bbifflie;;;; 


■iii^erfced'i 


"y'''M3>.:- 


..■■■■+6.:..--^ 


:-:40:DIP-^ 


::^9-474:- 


m^mrmii^m^ 


:M£>pp#ia^-<S)Sfit*$iJeiKtem^^ 


Soft 


Double 


True 


■v-y^m:y'- 


\--.i^&-^ ■:■--. 


'-wm'P--. 


■;459-4'?^::; 


mf0mm^-ss;i;\ 


^gl^iJSrMsltefefeteti^ 


::-:-':im^&:i 


^^■Dcnlbie; :■ 


'•likTretieii:- 


'j:[:mB^-- 


■:y:.-:^:&:,j< 


'.i40:mP'y 


■■4S9'4'?4:;: 


■micms^'p^^M 


;Mc^i^ ;BteiK-CfcHMiaEei?Mffi^^ 


Soft 


li^tfcmMsf: 


^yTriMr:^: 


'■■.y:'jiJ8S.'rr:-: 


:<'"*:5'>;.: 


':;mmp^':-- 


■■459-474::; 


i:mmMm3m0' 


'^^aMM^€6&m^K-:^n^^^^^^^^^^ 


fs6tt/U®ciH- 


-;©bubl6- ' 


:'■' Trnj^^'-::: 


■-■'■■:m&- :■:■'; 


'n'-^^S/ r: 


: .40DIP " 


:49&496:- 


f&m^gi§ 




■■;;<;Sf-BC»5-: 


'■■l$}(M3if\\ 


^'■^fTim::^' 


"■■■^:-^^;"^;:;;-- 


:v::.;,;h-5;;;;v- 


;-.-40Dip-: 


:;4S7;-s^2::; 


\smm^MmB 


'B3ik^BiSifeSflai3:a.^ffleQt ttoit:; : ■ \ ■ ^ 


ST- 506 


"■;. BoaBie-':: 


■'■■.■■IWs:''' 


'■■.::::E& :■:■■' 


■.■■■■¥5-:-- 


.48.DIP' 


■ 535^544.. 


^msm^m^^S:^; 


:iKd;JDigfc3Jata- Sep^atisi^- "BK- i^y' 


;^r;sT;f6Q6;:-'; 


'"BoiMe--- 


■k.^^"^ 


:-\^/.mA ■ -■:■■ 


:■■: -f-5"iv 


■■::24DIP- ■■ 


■545^562:: 



-^'For futiire release 
( s 'Discontinued product 




Microprocessor Products 





S'SSWiiiiiiwiWiSS 


'^^M 


BS$§lSSi 

Process 


^^H 


SuppUes 


^^^ 


Page 


iSfts^se^lwffiiK' 


liSasiE^SiWsiilffii 


mii^mmM 


«i«Kii 


ii^Siiiill 


WSffmffSM 


40 DIP 


587-610 


?mm0MM^MXim 


SB^^^iai^SfflKfSlSli 


WiSMMMm 


iiBieWi 


SiHlW^S 


iSSiiSSS 


40 DIP 


587-610 


Ife^Si^ffiftiSi 


Microprocessor 


SSS^ftff 


iffiiii^iii 


isPM^Ki 


SiiW^iMS 


40 DIP 


587-610 


piiSW&wSiSSa 


W^Mmmm^s0M&Mm$ 


|SSl8l3Bliftf 


Slittiffiff 


2.5 MHz 


ilft^PiSIW 


40 DIP 


611-622 


S^ttaSSSSSi 


ii^JiSSicrSfeWMaSi 


mmmm» 


CMOS 


1.0 MHz 


MSVm&mR 


BSSWS^ 


611-622 


aiftniic^lffliSS 


S®i!Ki^iffili#fPiaiS 


Siiiiis 


SHB^^Ill 


ffiiWffias 


WISiili 


ISiliiiig 


611-622 


*t»iiiite« 


WiMiiislfiiSiiilK 


iHSlSBlBWffi 


iiii»Si 


2.5 MHz 


5V 


W^WiittW 


623-630 


ilBiiWiiSiiS 


iWsttWIliWB^ift 


mmmmm. 


i^l^iil 


1.0 MHz 


5V 


^WHi^^ 


623-630 


IW^^WilBffli 


'MM^^^ffS0K&s$0o0m 


mm^^HM 


wSdii^M 


4.0 MHz 


5V 


iMS^W 


623-630 


MSsSftsaai 


mmmimmmmem 


tflBWiii 


SIW^WSS 


2.5 MHz 


HH^Biil 


^W^MMWil 


623-630 


iWi^ftii'lSi 




filBiiWI 


toMIHWW 


1.0 MHz 


^■^^M 


ii^SB^ 


623-630 


iiWPPfeiiaisi 




IBi^iili 


ffiiS^Siil 


4.0 MHz 


iiM^HBi 


Bl^WB 


623-630 



SMC CROSS 



Description 




AMI 


AMD 


Fairchild 


General „ , 
Instrument "arris 


Commodore 
Intel Intersil ,__[MO_S 


UART(iy2SB)** 


ilpi^flli 


SI 883* 


— 


— 


AV5-1013A ; — 




— 1 - 


UART(1,2SBr 


iiiiiiilll 


— 


— 


— 


AY5-1013 ] — 


— 


— 


- 


UART (n-Channel)** 


iu|S^^ia||| 


S6850* 


— 


F6850* 


AY 3-1015 


HM6402* 


— 


IM6402* 


- 


DART (n-Channel)** 


l^^sStopsiifl-; 


— 


— 


— 


AY 3-101 5 


HM6403* 


— 


IM6403* 


- 


UART (n-Channel)* 


|:ip|i|^|f 


S1602* 


— 


— 


— 


— 


— 


- 


- 


USRT 


Scel^lf-^; 


S2350* 


— 


— 


— 


— 


— 


— 


- 


ASTRO 


§;0$0§fi:::s. 


— 


— 


— 


— 


— 


— 


- 


- 


PCI 


■W$M^^M 


— 


— 


— 


— 


— 


— 


- 


- 


EPCI 


®(^i^^^i 


— 


— 


— 


AY2661 


— 


— 


— 


- 


USART 


ie^iiBsSMi 


— 


8251 


— 


— 


— 


8251 A 


- 


- 


Multi-Protocc 
USYNRT 


^§p(m0^0 


S6852* 


- 


F3846* 
F3856* 


- 


- 


- 


- 


- 


IEEE-488 


'§tm0i?(q:M 


- 


- 


F68488* 
96LS488* 


- 


- 


8291/92* 


- 


- 


COAX l/F Circuit 


.;;v;<X3M9»4;;,:" 


— 


— 


— 


— 


— 


— 


- 


- 


LAN Controller 


:-::C0M9b26'"" 


— 


— 


i 


— 


— 


- 


- 


Dual Baud Rate Gen, 


COM5016y36 
: COM81i6/36 


- 


- 




AY5-81 16/36 


- 


- 


- 


- 


Single Baud Rate Gen. 


: eOM6026y46- 
C0M81 26/46 


- 


- 


F4702* 


- 


HD4702' 
HD6405* 


- 


- 


- 


90 Key KB Encoder 


KR960d/01/02 


— 


— 


— 


AY 5-3600* 


— 


— 


— 


MCS1009* 


CRT Controller 


; ::CRT5037 \ 


- 


- 


- 


- 


- 


8275 


- 


- 


Character Generator 


^'■■■■■eBT7oo4.;;:- 


S8564* 


- 


- 


- - 


- 


- 


- 


Character Generator/ 
Display Controller 


;; ; ■CRTSOC^-;;"-- 


- 


- 


- 




- : - 


- 


Graphics Controller 


■■■■■CRT7226-- -^^ — 1 — : — i — , — 
■ -CRTTaaOA -.j — \ — \ — ' — \ — 


82720 




— 


Video Processor and 
Controller 


■■;;.CRt90O7/' i — 


• ! 


- 


- 


- 


- 


Video Attributes 
Controller 


^^V-jCRT?(Mt:;;,j — 


- 1 - 


- 


- 


- 


- 


- 


Video Terminal Logic 
Controller 


;C;^^#9ii||y - 


- - 


- 


- 


- 


- 


- 


Hard Disk Controller 


^^i^yE(apij%s| — 


— 


— 


— 


— 


— 


- 


- 


Hard Disk Controller 


^:MmM^ 


— 


— 


— 


— 


— 


— 


- 


- 


Universal Disk 
Controller 


■$00fMmMi 


- 






- 




- 


- 


- 


Shift Register 


;«|p|Qlp::|i 


S21 82/3/5 


- 


- 


- 


- 


- 


- 


- 


CMOS Microprocessor 


K-pPW80p§i 


— 


— 


— 


— 


— 


— 


- 


- 


CMOS RAM-I/O-Timer 


tp^MMmx 


— 


— 


— 


— 


— 


— 


— 


- 


CMOS ROM-l/0 


l^^^sftlpj^'^l 


— 


— 


— 


- 


— 


- 


— 


- 


CMOS InpuVOutput 


:-;\||i!Pti^ii:;;u| 


— 


— 


— 


— 


— 


- 


— 


- 



'Functional equivalent. 

*Most UART'S are interchangeable; consult the factory for detailed information on interchangeability 
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REFERENCE GUIDE 



Mostek 


IMotorola 


National 


NEC 


Signetics 


Solid 

State 

Scientific 


Synertec 


Texas 
Instruments 


Western 
Digital 


— 


— 


MM5303* 


— 


— 


— 


— 


TMS601 1 


TBI 602 


— 


— 


— 


— 


2536* 


— 


— 


— 


TR1402 


— 


MC6850* 


NSC858* 


— 


— 


SCR1854* 


— 


— 


— 


— 


''"— 


"— 


— "' 


— " "'' 


— 


— 


— 


""TR1983* 


— 


— 


— 


— 


— 


— 


— 


— 


TR1863 


— 


— 


— 


— 


— 


— 


— 


— 


— 




— 


INS1671 


— 


— 


— 


— 


— 


UC1671 


— 


— 


INS2651 


— 


2651 


— 


— 


— 


— 


— 


MC2661* 


— 


— 


2661 


- 


SY2661 


- 


— 


— 


— 


INS8251 


(iPD8251A 


— 


— 


— 


— 


TR1983* 


- 


2652* 


6852* 


- 


2652 


SND5025 


- 


- 


SD1933* 


- 


MC6BB488* 


- 


|jlPD7210 


- 


- 


- 


TMS9914* 


WD9914* 


— 


— 


DP8340/4r 


— 


— 


— 


— 


— 


- : 




— 


— 


— 


— 


— 


— 


— 


WD2840* 


- 


- 


- 


- 


- 


- 


- 


- 


BR1941 
BR1 943/4 




MCI 4411* 


MM307* 


- 


- 


- 


- 


- 


- 


— 


— 


MM5740* 


— 


— 


— 


— 


TMS5001 


— 


MK3807 


MC6845* 


DP8350* 


- 


- 


SND5027 
SND5037 


6545* 


TMS9927 


- 


- 


MCM66700* 
MC6570 


DM8678* 


- 


2609 


- 


- 


- 


- 


- 


- 


- 


- 


- 


SND8002 


- 


- 


- 


- 








|jiPD7220 
M,PD7220A 


- 





- 


- 


_ 


- 


- 


- 




SCN2674* 


- 


- 


- 


- 


- 


- 


- 


- 


SCN2675* 





- 


- 


- 


- 


- 


NS455* 


- 


- 


- 




- 


- 


— 


— 


— 


|jiPD7261A 


— 


— 


— 


— 


- 


— 


— 


— 


— 


— 


— 


— 


— 


WD1100-X 


- 


- 


- 


M,PD7260* 


SCN6854* 


- 


- 


- 


WD1010 
WD2010 
WD3010 


MK1007* 


- 


5024* 


- 


2532* 


- 


- 


TMS3113* 
TMS3114* 


- 


i 


— 


NSC800 


— 


— 


— 


— 


— 


- 


— 


— 


NSC810A 


— 


— 


— 


— 


— 


- 


i — 


— 


NSC830 


— 


— 


— 


— 


— 


- 


1 


— 


NSC831 


— 


— 


— 


— 


- 


- 
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FLOPPY DISK CONTROLLERS 



Description 




Fujitsu 


NEC 


Synertec Weston 


Intel 


Siemens 


Rockwell 


Floppy Disk Controller 


ymmmwi 


MB8876 1 — 


SY1791-02 ' FD1791-02 


— 


SAB-1791 


— 


Floppy Disk Controller 


■Jl|>6i:Ssa-i32:;: 


— 


— 


— FD1 792-02 


— 


— 


— 


Floppy Disk Controller 


■■^p&iBS-m: , 


M8877 


— 


SY1 793-02 FD1 793-02 


— 


SAB-1793 


— 


Floppy Disk Controller 


:::;FpCt7i4^'^ 


— 


— 


— 1 FD1 794-02 


— 


— 


— 


Floppy Disk Controller 


''■f&CM9$M\\ 


— 




— 


FD1 795-02 




SAB- 1795 


— 


Floppy Disk Controller 


:.:fQei:797-;02-v- 


— 




— 


FD1 797-02 




SAB- 1797 


— 


Floppy Disk Controller 


:i;:H[5{:^#it;;::| 


MB8876* 


— 


SY1791-02* 


FD1791-02* 


— 


SAB-1791* 


— 


Floppy Disk Controller 


l:im>0^0M 


M8877* 


— 


SY1 793-02* 


FD1 793-02* 


— 


SAB-1793* 


— 


Floppy Disk Controller 


;i;|i;:fti<^ii;fi^; 


— 


— 


— 


FD1 795-02* 


— 


SAB-1795* 


— 


Floppy Disk Controller 


^^:§000m. 


— 


— 


— 


FD1 797-02* 


— 


SAB- 1797* 


— ■ 


Floppy Disk Controller 


'§^^^m^emm 


— 


|xPD765 


— 


— 


8272A 


— 


765A 


Microfloppy Disk Controller 


'^-:f¥^&m^'}:':. 


— 


|jiPD7265 


- 


- 


— 


— 


— 



*SMC part will replace cited device with no changes required. 
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Innovation in IVIicroelectronic 
Technology is the Key to Growth at 
Standard Microsystems. 

Since its inception, Standard Microsystems Inas been a ieader in creating new 
technoiogy for metai oxide semiconductor large scale integrated [IVIOS/LSO and 
very large scale integrated (IVIOSA/LSI) circuits. 

Standard Microsystems' COPLAMOS® silicon gate n-channel process, licensed to 
over 15 prominent semiconductor companies, is the defocto standard for Piigin 
speed, higli density integrated circuits. 

COPLAMOS® utilizes a self -aligned, field-doped, locally oxidized structure to elim- 
inate parasitic currents and shunt capacitance, allowing the tight packing of cir- 
cuitry essential for VLSI, yet with performance rivaling that of bipolar technologies. 

In addition, on-cinip generation of substrate bias, also pioneered by Standard 
Microsystems, when added to the COPLAMOS® technology, results in the abilit/ 
to design dense, high-speed, low-power n-channel MOS integrated circuits 
through the use of one external power supply voltage. 

Another Standard Microsystems' innovation is the CLASP® process. CLASP® pro- 
vides a fast turnaround, easily programmable semi-custom LSI technology 
through the use of ion implantation to define either an active or passive device 
in the matrix of a memory or logic array. This step is accomplished after all wafer 
manufacturing steps are performed including metalization and final passivation 
layer formation. Thus, the wafer can be tested and stored until customer needs 
dictate the application, a huge saving in turnaround time and inventory costs. 

These innovations in both process and circuit technology have received wide- 
spread industry recognition. In fact, many of the world's most prominent semicon- 
ductor companies hove been granted patent and patent/technology licenses 
covering various aspects of these technologies. The companies include Texas 
Instruments, IBM, General. Motors, ITT, Western Electric, Mostek, Hitachi, Fujitsu, 
National Semiconductor, Mitsubishi, NEC, AT&T, Data General and Oki Electric, 
among others. 

Over the past few years, scientists and engineers at Standard Microsystems have 
been developing a technology to significantly reduce the sheet resistivity of the 
gate material used in MOS, dramatically decreasing internal time corrstants in 
MOS devices. 
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This technology replaces the polycrystalline silicon normally used in n-channel 
MOS devices with an alternate material, titanium disilicide. This has enabled 
Standard Microsystems to become the first semiconductor manufacturer to 
market and sell MOSA/LSI circuits which employ a metal silicide to replace the 
conventional doped polycrystalline silicon layer, 

Standard Microsystems is continuing its technological leadership with the intro- 
duction of products utilizing the latest n-well and p-well CMOS processes. 

WeVe Established a Position as the 
Industry Leader in Microprocessor 
Peripheral Products with a Steady String 
of Industry "Firsts". 

Innovation at Standard Microsystems extends far beyond new processes. 
Standard Microsystems has established a position as the industry leader in micro- 
processor peripheral products with a steady string of industry 'firsts". 

Standard Microsystems has continually recognized the need for communication 
controllers to handle the latest data communication protocols. As a result, 
Standard Microsystems has introduced many new products in the area of data 
communications. Among these are the COM2601, the first synchronous receiver/ 
transmitter for bi-sync protocols, and the COM5025, the first multiprotocol 
receiver/transmitter for all standard bit and byte oriented synchronous protocols, 
including SDLC, HDLC, ADCCP, bi-sync, and DDCMP. 

Recognizing the office automation requirement for distributed processing via 
local area networks, SMC was the first to sell a monolithic VLSI circuit for Local 
Area Network Control, the industry standard COM9026, a complete controller for 
token-passing LAN systems. Another SMC device, the COM9004, is the only single 
chip receiver/transmitter for IBM 3274/3276 compatible control units and 3278/ 
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87/89 compatible terminal units. Providing the so-called "micro-to-malnfrome" 
connection, the COM 9004 is the only single chip solution to the problem of con- 
necting personal computers and small business computers to mainframes. 

in another area, CRT display systems have traditionally required a great deal of 
support circuitry for the complex timing, refresh and control functions. 

This need led the engineers at Standard IVIicrosystems to develop the CRT5027 
Video Timer and Controller (VTAC®), the first CRT controller to provide all of these 
functions on a single chip. The display, graphics and attributes control functions 
were then all combined for the first time in the CRT8002 Video Display Attributes 
Controller (VDAC®). 

Another major achievement has been the development of the "next generation" 
Video Processor And Controller [VPAC®), the CRT9007, Besides replacing up to 80 
SSI and MSI TTL devices, the VPAC® is the first CRT controller to provide a hardware 
solution to many of the soft^/are problems of CRT Video Controller design, The 
CRT9007 is the basis of a complete high performance, low cost, CRT control fam- 
ily, which includes single and double row buffers, and a variety of Video Attribute 
Controllers utilizing the COPLAMOS® technology to run from 20 MHz to 33 MHz. 
The various elements of the VPAC® family con be selected to provide the optimal 
video control solution from low to high end systems. 

Most recently, the CRT9028 VTLC has integrated the entire video and attribute 
control functions, as well as the character generator, all on one VLSI circuit. A 
complete terminal con be built using the CRT9028 with just the inclusion of a RAM 
and microprocessor. 

The consideration of customer need is always foremost in the mind of SMC per- 
sonnel. Recognizing the marl<et need for bit mapped display graphic products, 
SMC identified the industry's leading graphics display controller, the 7220A, and 
obtained a license from Nippon Electric Corporation to second source this 
device, 
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standard Microsystems has spearheaded many developments in the rotating 
memory area as well, Extracting the actual stored data and clock signals from 
the distorted and jittery signal provided by a floppy disk drive has historically 
required not only a large number of analog components, but finicky production 
line adjustments, Both of these problems are solved by SMC products. The 
FDC9216 Floppy Disk Data Separator provides a revolutionary single chip solution 
to the do+o seoarotlon oroblem in g slni^le 8 "^in mlnj-di'^ ■^cckc'^e. Utiliz'n'^ bcf^ 
long-term and short-term timing correcFors, the FDC9216 requires absolutely no 
external components or adjustments. The FDC9229 Floppy Disk Interface Circuit 
provides, in addition to the digital data separator, a clock generator, precom- 
pensation generator, and head load timer, 

Along with these data separators. Standard Micros^^stems has the broadest line of 
floppy disk controllers available today, including the FDC9266, which combines 
the industry standard FDC765A Floppy Disk Controller with the FDC9229 Floppy 
Disk Interface Circuit, all on one chip. The FDC9266 provides the most highly inte- 
grated floppy disk and control system available today 

The HDC9224 Universal Disk Controller is the first IC to control not only hard disks, 
but floppy disks and the tape drives used to back up the disks. In addition, it offers 
user transparent error detection and correction for up to four 16 head drives. 

Hard disk drives suffer from the same signal distortion and jitter as floppy disk 
drives, SMC provides the solution to this problem with the HDC9226 Hard Disk 
Data Separator, The HDC9226 enhances the HDC9224 by providing hard disk 
data separation with a soft error rate as low or lower than that of the drive itself. 

The HDC9225, when used with the HDC9224, greatly reduces the total number of 
IC's required by a hard disk control system, while permitting low cost RAMs to be 
used in a dual-ported configuration to improve system performance. 

Achievements like these help keep Standard Microsystems' custom and standard 
products in the forefront of technology, with increased speeds and densities and 
a lower cost per function. 

Improvements in Processing and 
i\/lanufacturing Keep Pace witli 
Advances in Semiconductors. 

With the phenomenal growth of the electronics industry innovation is, of course, 
highly desirable. But, if the products are to perform as designed, they also hove to 
be reliable. 

That's why at Standard Microsystems we take every means to insure the utmost 
quality and dependability Consequently "state-of-the-arf applies not only to 
our products, but to the way we manufacture them. 

In wafer fabrication, the latest equipment and techniques ore employed. In 
addition to conventional pi-ocessing equipment, we use ion implantation tech- 
nology extensively We also use plasma reactors for much of our etching and 
stripping operations to maintain tight tolerances on process parameters, Perkin 
Elmer scanning projection printers and TRE mask steppers assure that the critical 
photolithographic requirements of the latest small geometry processes are met. 

Standard Microsystems' commitment to excellence is further demonstrated in 
the use of the latest Fairchild, Megatest and Genrad testers. Our full service 
capability lets us moke full use of the technologies we develop. We con produce 
any quantity of semiconductors customers may require, Whof s more, we can 
provide our customers with the fast delivery times that they require in today's 
increasingly competitive environment, 
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standard Microsystems' Custom Capability. 



Custom MOS. ASmall Revolution 
with a Large Impact. 

Remarkable advances in semiconductor 
technology, combined with the availability of 
quality, low-cost electronics, continue to 
openrsewmarkets for prodttcts incorporctttng 
micro-electronic components, 

Today, metal-oxide semiconductor/large 
scale integrated [MOS/LSI] circuits are integral 
components in computers and computer 
peripherals, automobiles, televisions, electri- 
cal appliances, data communications, bank 
terminals, telephones and a host of other sig- 
nificant applications, 

With further applications for large scale 
integrated and very large scale integrated 
(VLSI) circuits being discovered every day, 
one thing is certain. They will have a profound 
effect on our lifestyle. 

Custom Commitment. 

Custom Products has its own management, 
marketing, and engineering team that is fully 
dedicated to developing and producing 
standard cell semicustom and full custom 
products, 

Custom MOS/LSI is a major portion of our 
business, A sizable portion of all our revenue is 
a direct result of our custom MOS/LSI projects, 

Over the years. Standard Microsystems has 
developed custom circuits for a wide variety 
of applications: Computers and computer 
peripherals, telecommunications and data 
communications, garage door openers and 
burglar alarms, electronic toys and gomes, 
musical instruments and more. Both over-the- 
oir and cable T,V. systems hove mode use of 
our custom circuits. One company's line of 
word processing equipment mokes almost 
exclusive use of our custom LSI, 

As a company committed to serve the cus- 
tom marketplace. Standard Microsystems has 
developed the resources and established 
procedures for MOS/LSI and MOSA/LSI circuit 
development that enables the company to 
respond rapidly to growing customer needs. 

The Custom Option. 

standard Microsystems offers two custom 
design alternatives: fully crafted custom 



design and cell library based designs. Where 
reduction of chip size for lowest production 
pricing in high volume is the dominant factor, 
the fully crafted design method will provide 
the best solution. However, developmerit 
costs and development time will be greatest. 
Where qiiicl<tufnafOund andi feductionof 
engineering costs are dominant factors then 
use of our cell library design approach will be 
the better alternative. 

Regardless of the design approach, a cus- 
tom circuit will provide — 

Lowest Overall Cost. 

The overall cost savings realized with custom 
MOS/VLSI circuitry can be substantial, espe- 
cially when high-volume production is 
encountered. 

Savings ore effected in several ways. 
Because custom designed circuits contain 
only necessary components, the cost of 
unused circuitry on standard microprocessors 
or integrated circuits is eliminated. Costs for 
troubleshooting, repair and warranty claims 
ore reduced. In addition, custom MOS con be 
more economical over SSI and MSI when pur- 
chase, inventory and assembly costs are con- 
sidered. Also, when a system contains a large 
amount of SSI and MSI, its custom counterpart 
can significantly reduce power consumption. 

Lowest Parts Count. 

There are many applications where a single- 
package custom LSI or VLSI circuit can out- 
perform a microprocessor and its ROM and 
RAM circuits while reducing costs. A custom LSI 
unit con rapidly execute repetitive functions 
using high speed logic, A microprocessor 
needs time-consuming algorithms to do the 
something. 

Highest Reliability. 

Higher reliability is achieved, especially when 
replacing circuits that contain significant 
amounts of SSI and MSI. Fewer parts and sol- 
der points reduce the failure rote and raise 
the reliability. This means low MTTR (mean 
time to repair], which translates into lower 
maintenance costs and higher customer 
satisfaction. 
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Minimum Size, Weight, Power Dissipation. 

The size and complexity of printed circuit 
boards are greatly reduced when using a 
custom circuit. The custom circuit results in a 
most compact package, specifically 
designed to perform only the necessary tasks 
uiiii/iiiiy [jiinifiium power and space. 

Unique Proprietary Features. 

Proprietary design is another major benefit. It 
protects your design from would-be copiers 

.^^wv^^vjv^ JIM iv^K.v:^o i^oili ly Ul lU OUppUl I Ull IIL.UH, 

This, coupled with the complexity of custom 
semiconductor fabrication, makes duplicat- 
ing your custom circuit for less probable. 

A Complete Cell Library Design 
System forSemicustom LSIA/LSI. 

An idea wtiose time lias come. 

To prosper, if not survive, in today's fast-paced 
electronics industry you must differentiate 
your products from the competition. 

This means designing in more features, 
higher reliability and lower power consump- 
tion, while reducing size to a minimum. Of 
course, your next-generation products should 
also cost less than their predecessors. 

Full custom CMOS LSIA/LSI is one way to 
achieve these goals, but that approach has 
definite limitations. For example, long devel- 
opment times con upset scheduled product 
introductions and high development costs 
can significantly erode profit margins. 

Fortunately the availability of powerful 
workstations and a new generation of CAD 
software tools has created a viable alterna- 
tive: Semicustom LSIA/LSI. 

Now, Standard Microsystems Corporation is 
offering you a complete semicustom design 
system that combines the advantages of full 
custom CMOS with rapid turnaround, low cost 
and virtually guaranteed first-time success, 

We call our new system Customation™. It is 
^^standard cell" design approach that uses 
a database of proven building blocks and a 
family of state-of-the-art software tools which 
enable the engineer to both perform the 
design and verify it with the utmost speed and 
precision. 

Atypical Customation™ design sequence 
involves the use of a progression of software 
design tools, with the output of one serving as 
the input for the next. 

CUSTOMATION™ is a trademark of Standard Microsystems Corporation 
COPLAMOS® is a registered trademarl< of Standard Microsystems Corporatic 



Although the designer is constantly moni- 
toring this process, he is not actually "in line". 
Therefore, problems due to human error are 
virtually eliminated and you're assured that 
first silicon is working silicon. 

The result? You get the semicustom ICs you 
need CjUickly and youi uwvtsiupmeni und 
production costs ore reduced. 

Bringing Process, Software and 
Hardware Together. 

Process tectinology you can count on. 

For over a decade. Standard Microsystems 
has been at the leading edge of n-chonnel, 
silicon-gate process technology. Our pat- 
ented COPLAMOS® process is used through- 
out the world and is one of the most widely 
licensed processes in the semiconductor 
industry 

Now we've channeled our expertise into a 
production-proven 3-micron, silicon-gate 
CMOS process that's compatible with the 
design rules of several other major semicon- 
ductor manufacturers, including NCR Corpo- 
ration, our contractual alternate source. It's 
the cornerstone of our Customation™ design 
system, 

A large, proven cell library. 

The Customation™ cell library includes more 
than 100 cells. Most emulate 74LS logic func- 
tions, so your design engineers are already 
familiar with them, The design system stores 
the cell layouts, logical models and perfor- 
mance characteristics of each cell in its data- 
base, You con feel confident about the 
performance of these cells, too. They are 
thoroughly characterized and have been 
used successfully in numerous applications, 

Standard Microsystems is dedicated to 
incorporating more complex mocrocells and 
supercells into the library These currently 
encompass such functions as ROMs, RAMs, 
and core microprocessors and, in the future, 
will include data communications functions 
OS well as computer peripheral controllers 
developed at SMC. 

Industry-standard software. 

Customation™ gives you a complete and 
integrated set of software tools for design, 
simulation, modeling, checking, and verifica- 
tion test pattern generation. 



Whenever possible, we've utilized "industry- 
standard" software that provides a well- 
proven package of design aids which many 
of your engineers may already be comfort- 
able using, It con also be licensed through 
Standard Microsystems. 

A turnkey workstation. 

Standard Microsystems offers a complete 
turnkey workstation design system that you 
can use at your own facility. This system, along 
with SMC's utmiy sdftwdre, is^optimatty confi- 
gured for semicustom design, combining 
high performance and ease of operation. 
We are also constantly enhancing our soft- 
ware to support other workstations and main- 
frames. Workstations con be acquired directly 
from the manufacturer or through special 
arrangement with SMC. 

Much of our software already runs on VAX 
computers. We ore currently porting our cell 
library and software onto several other popu- 
lar workstations. Please check with us on the 
status support for your preferred workstation. 



A Design Partnership. 

Comprehiensive training. 

Even if you've never had IC design experi- 
ence. Standard Microsystems can quickly 
teach you to create cell-based ICs using 
Customation™, 

At our plant on Long Island, we conduct 
classes for all skill levels, tailoring our instruc- 
tion to your particular needs and experience 
level. We cover all phases of design, and 
you'll work on an actual Customation™ work- 
station to get hands-on experience and 
sharpen your design technique. You'll com- 
plete the training session ready to produce 
usable designs utilizing Customatlon™, 

Do your design work at your place or ours. 

A major benefit of Customatlon™ is the con- 
trol it gives you over your design. You work at 
your own pace— at your own facility, if you 
wish — verifying the logic through simulation 
at each step of the way. 

We provide everything you need to per- 
form the design from schematic capture 
through logic simulation and timing analysis. 

Once you're satisfied with your design, we'll 
perform automatic placement and routing 
from your netlist. We then carry the process 
through masks, wafers and prototypes. 



You also have the option of doing your 
design work on a workstation located at one 
of our convenient design centers or having 
SMC engineers perform the entire design. 

Teciinical support. 

We offer continuing technical support for our 
Customatlon™ users. Our application engi- 
neers ore experts in the use of the Customa- 
tlon™ design system and con provide prompt 
assistance from our home office and our 
regtoncri-sates offtees. An^^ppHc^tior^s er^ 
neer assigned to your program will be avail- 
able to assist you with any problems that may 
arise during the course of the development. 
Standard Microsystems has developed a 
particularly strong applications expertise in 
data communications, video displays, disk 
controllers, and small computer peripherals 
and can provide very extensive support in 
these areas. 

Atypical design sequence. 

If needed, you obtain a powerful CAD work- 
station either from us or directly from the 
workstation manufacturer. 

We teach your design engineers all they 
need to know about ^tront-end" design using 
the Customatlon™ design system. 

You design and verify logic on workstations 
at your own facility or at our design centers, 
performing the logic simulations and gener- 
ating the input and output test vectors. 

You submit the resulting netlist to us for lay- 
out and post-layout timing parameter 
extraction. 

We perform the chip layout with our cell 
place-and-route program and return actual 
layout timing parameters for designer review. 
You sign off the design only after you are 
totally satisfied with the final simulations using 
actual parameters. 

We fabricate prototype circuits. 

SMC's design engineers can also perform 
the full design or assume responsibility at any 
step in the design process, 

Fast Turnaround, Low Cost, 
Guaranteed Results. 

Working silicon wittiin 8 weeks. 

Fast turnaround is another important benefit 
of Customatlon™ . We con supply working 
prototypes within eight weeks of receipt of 
your signed-off netlist, 

Design time and logic simulation is 
dependent on you, the customer. With on 
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experienced designer using our Customa- 
tion™ design system, frontend design siiould 
tal<e approximately 4 weeks* 

Cost-effective chips. 

Unit cost depends on a variety of factors: gate 
count, complexity of interconnect, pcckc^e 
cost and perforrriance requiremerits, A Cus- 
tomation™ design, however, almost always 
results in a smaller die size than a compar- 
able gate array design, This means lower 
prices when you get into volume production. 
Your system will have fewer ICs compared to 
MSI, gate array, or microprocessor-based 
designs, resulting in lower assembly and test 
costs, lower power consumption and 
enhanced reliability. 

SMC will calculate and commit to a pro- 
duction price for your Customotion™ chip 
based on your design specifications. This 
means that you will know your exact produc- 
tion costs before you undertake the design. 

Second source security. 

Standard Microsystems has signed a world- 
wide, comprehensive agreement with NCR 
Corporation, providing for the mutual second 
sourcing and joint development of our CMOS 
standard cell libraries. 

Not only does this agreement assure com- 
patibility at both the process and netlist level, 
it merges together two of the most innovative 
and well-respected cell libraries in the semi- 
conductor industry The common library will 
be supported on the four leading work- 
stations: Daisy, Mentor, Valid Logic and 
Metheus/CV. 

The agreement also calls for ongoing tech- 
nical cooperation. Both companies are com- 
mitted to the enrichment of the cell library 
through the addition of MSI cells and super- 
cells. Our joint effort will continue with the 
development of next-generation, fine-line 
geometry process technologies. 

Guaranteed results. 



With Customotion™, you're virtually guaran- 
teed first time success, We've designed our 
system for outstanding accuracy with a num- 
ber of strategic checkpoints to find and elimi- 
nate problems before the circuit is fabricated, 

In fact, we guarantee you'll get the results 
you wont by making the following commit- 
ment: "Standard Microsystems will bear the 
cost of any design iteration that is required as 
a result of an error in cells, utilities and design 
tools making up the Customotion™ system," 

'These design and prototype development cycles ore based on o 



The Full Design Custom Program. 

Typically in a custom program where 
Standard Microsystems performs all of the 
operations— from design through to finished 
product — the following sequence applies: 

Evaluation. 

The customer's system characteristics are 
carefully evaluated from the information pro- 
vided to determine the feasibility of the cus- 
tom approach, considering such factors as 
system partitioning, functional performance, 
operational environment, operating speed, 
power requirements, process selection, pack- 
aging and testing. 

After concluding this evaluation. Standard 
Microsystems will quickly provide a Quotation 
to the potential customer, which will 
include— 

• a firm development schedule 

•the non-recurring engineering charge (NRE) 

•a production price schedule 

System Definition. 

Once the design is authorized, a thorough 
specification review takes place between 
Standard Microsystems' engineers and the 
customer's engineers. In this critical phase, 
Standard Microsystems' years of successful 
design experience ore applied as on exten- 
sion of the customer's design resource in a 
close working relationship. 

Circuit Design. 

Required functions are converted to detailed 
MOS logic. The logic is verified via advanced 
logic simulation routines, utilizing our in-house 
computers, VAX 11/785 and/or breadboard 
emulators. Circuit simulation is done using 
SPICE, MOSAID, and Standard Microsystems 
proprietary software. 



Artwork Generation. 

At Standard Microsystems, device layout is a 
blend of custom "hand-crafting" and sophisti- 
cated CAD, using our Calma CDS I and GDS II 
color graphics systems, to achieve the opti- 
mum composite drawing in terms of size and 
schedule. Check plots are obtained on our 
Xynetics and Versatec plotters, and 
advanced design rule checks (DRC) and 
electrical rule checks (ERC) provide compre- 
hensive artwork verification, 

1600 gate equivalent chip design, 
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Mask Fabrication. 

Production tooling is obtained from qualified 
mask vendors to Standard IVIicrosystems' 
exacting, above-industry standards. Colored 
overlays of each mask layer are typically 
used OS a final check point, 



Wafer Fabrication. 

Standard IVIicrosystems offers a variety of 
pTocessesnnctuding a CMOS stticon-gate 
process, and a range of n-channel silicon- 
gate processes. We will determine the appro- 
priate process to satisfy each customer's 
cost/performance requirements. 



All wafer processing is done in our facilities, 
utilizing stote-of-the art equipment. Standard 
Microsystems has made substantial invest- 
ments in projection alignment equipment, 
direct-step-on-wofer equipment, and 
advanced ion-implantation, sputtering, dep- 
osition and plasma etch equipment. 

Assembly. 

Standard IVIicrosystems can provide a wide 
variety of industry-standard packages, includ- 
ing ceromk:, plastic and CERDtP dtiol-in-ltne 
types, flat-packs and chip carriers. The latest 
in automated equipment, such as our auto- 
matic wire bonders, insure high quality and 
high volume throughout, 



SMC PROCESS CHARACTERISTICS 

TYPICAL 
CHANNEL SUPPLY MAX. FEATURES/ 
PROCESS TYPE LENGTH VOLTAGES FREQ, COMMENTS 


9000 


n-MOS 


4fx 


+ 5, +12 
optional 
- 5, [optional] 


30 MHz 


n-channel, si-gate process, 
moderate to high 
performance. 


10000 


n-MOS 


3|JL 


+ 5 


45MHz 


very high performance 
n-channei process. 


20000 


CMOS 


2^ 


+ 5 


60MHZ 


advanced si-gate CMOS 
process. 


30000 


CMOS 


3|x 


+ 3to +6 


45MHz 


si-gate CMOS process. 



Customer Owned Tooling. 

An area of continuing interest to Standard 
Microsystems is that of Customer Owned Tool- 
ing [COT] or Customer Supplied Tooling [CST), 
In contrast to a full custom design program 
where Standard Microsystems Is responsible 
for the MOS design, a COT/CST program is 
one in which the design function will be com- 
pleted by the customer or an outside design 
house, 

Many customers find it desirable to 
develop an in-house LSI design capability, for 
their internal circuit requirements. Standard 
Microsystems can provide valuable assist- 
ance in achieving this goal, 

The customer then provides Standard 
Microsystems with either a completed com- 
posite drawing, a data base tape [in suitable 
format), or an actual processing mask set. 



Whatever the entry level. Standard Micro- 
systems is prepared to carry the program 
through to completion. 

If the design Is in the formative stages, the 
requirements will be studied and the most 
suitable set of design rules will be provided. 

If the design is already completed, 
Standard Microsystems will examine the 
design rules used and recommend which of 
our processes is most compatible. If small vari- 
ations to our "standard" processing are 
required, they can usually be accommo- 
dated at little or no expense. 

Standard Microsystems has developed 
comprehensive test sites that are incorpo- 
rated into our masks for the purpose of para- 
metric and quality assurance measurements. 
Automated equipment collects and stores 
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measurements from these test sites. If a cus- 
tomer purchases wafers from us, these meas- 
urements are provided with the wafers. If a 
customer chooses to have masks fabricated 
himself, our test site con be provided for 
incorporation into the masks. 

Standard Microsystems is nisn nrftpnrftd to 
work with customers in establishing a suitable 
test interface which will enable us to provide 
the wafer probe and final test operations. Of 
course, packaging and burn-in ore also 
available, 

Whichever approach is token, Standard 
Microsystems wonts to participate in a part- 
nership that makes best use of our respective 
areas of expertise. We'll work together to 
bring the project to completion; on time and 
on budget. 



Customer Interface. 

standard Microsystems is a "full capability" 
company. We hove the resources — an expe- 
rienced staff and state-of-the-art equip- 
ment — to design, process, package and test 
our Custom MOS circuits. 

Our customers ore becoming increasingly 
aware of the benefits of custom circuits in 
their product lines. They know their products 
and markets best. Some have developed the 
technical expertise to perform or participate 
in the early design phases of a custom pro- 
gram. For this reason. Standard Microsystems 
offers a variety of customer interface possibili- 
ties to serve the broadest possible market, 



Communications: The Key to 
Custom Development. 

On every Custom program, we establish 
communications with our customers that last 
throughout the development and production 
phases. 

Our engineers work in an environment that 
stimulates creativity while encouraging 
adherence to pragmatic objectives. The sta- 
tus of each program is closely monitored, 
Strict scheduling, thorough program man- 
agement and frequent customer contact 
hove become the hallmark of a Standard 
Microsystems Custom program, Numerous 
testimonials from satisfied customers give evi- 
dence of our ability to perform — to specifica- 
tion and on time. 
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standard Cell Library 

standard Microsystems Corporation 
Cell Name Description 



Logic Gate Cells 

LSOO 

LS02 

LS04 

LS08 

LS10 

LS11 

bS2G 

LS21 

LS25 

LS27 

LS28 

LS30 

LS32 

LS37 

LS40 

LS51a 

LS51b 

LS54 

LS55 

LS64 
LS86 
LSI 33 
LSI 34 

LS260 
LS266 
Buffer Cells 

LS125 
LSI 26 
LS240 
LS242 
LS243 
LS244 
LS245 
LS265a 

LS265b 

LS365 

LS366 

LS367 

LS368 

Shift Register Cells 

LS95 



2-lnputNANDGate 

2-lnput NOR Gate 

Inverter 

2-lnput AND Gate 

3-lnputNANDGate 

3-lnput AND Gate 

44AputNANaGate 

4-lnput AND Gate 

4-lnput NOR Gate with Strobe 

3-lnput NOR Gate 

2-lnput NOR Gate withi Buffer 

8-lnputNANDGate 

2-lnput OR Gate 

2-lnput NAND Gate with Buffer 

4-lnput NAND Gate with Buffer 

2-Wicle, 2-lnput AND-OR-lnvert Gate 

2-Wide, 3-lnput AND-OR-lnvert Gate 

4-Wicle 2-lnput & 3-lnput 

AND-OR-lnvert Gate 

2-\A/ide 4-lnput AND-OR-lnvert 

Gate 

4-2-3-2 Input AND-OR-lnvert Gate 

2-lnput Exclusive OR (XOR) Gate 

13-lnput NAND Gate 

12-lnput NAND Gate with 

Tri-State Output 

5-lnput NOR Gate 

2-lnput Exclusive NOR (XNOR) Gate 

Non-Inverting Tri-State Buffer 
Non-Inverting Tri-State Buffer 
Inverting Tri-State Buffer 
Inverting Transceiver 
Non-Inverting Transceiver 
Non-Inverting Tri-State Buffer 
Octal Non-Inverting Transceiver 
i -Input, Dual Complimentary 
Output Gate 
2-lnput AND Gate 
w/Complimentary Dual Output 
Hex Non-Inverting Tri-State Buffer 
Hex Inverting Tri-State Buffer 
Quad Non-Inverting Tri-State Buffer 
Quad Inverting Tri-State Buffer 



LS164 

LSI 66 

LS178 
LSI 79 
LSI 94 

LSI 95 

LSI 98 

LS295 
LS395 



4-Bit Parallel I/O, Serial Input 

Left/Right SR 

8-Bit Parallel Output, Serial Input SR 

w/Clear 

8-Bit Parallel/Serial Input, Serial 

Output SR w/Clear 

4-Bit Universal Shift Register 

4-Bit Universal SR with Async. Clear 

4-Bit Bidirectional Universal SR 

w/Clear 

4-Bit Parallel Input/Output SR 

w/Clear 

8-Bit Bidirectional Universal SR 

w/Clear 

4-Bit Universal Shift Register 

4-Bit Universal SR w/Async. Clear, 

Tri-State Outputs 



Cell Name 

Flip-Flop Cells 

LS73 

LS74 

LSI 74 

LSI 75 

LS374 

LS377 

Lote^ Celts 

LS75 

LS77 

LS100 

LS1 16 

LS375 

Multiplexer/ 

Selector Cells 

LS151 

LSI 52 

LSI 53 

LSI 57 

LS158 

LS253 

LS352 

LS353 

Counter Cells 

LS163a 

LSI 69a 

Decoder/ 
Encoder Cells 

LS138 

LSI 39 

LSi48 

Comparator Cell 

LS85 

Arithmetic 

Operator Cell 

LS83 

LS283 

LSI 83 

Parity Generator Cell 

LSI 80 

Input/Output Pads- 

(Individual Gates) 

LS04IP 

LS07IP 

LS74IP 

LSMIP 

LS04OP 

LS05OP 

LS07OP 

LS740P 

LSBI 



Description 



J-K Flip-Flop with Clear 
D Flip-Flop with Preset & Clear 
Hex D Flip-Flop with Direct Clear 
Quad D Flip-Flop with Direct Clear 
Octal D Flip-Flop with Tri-State Output 
Octal D Flip-Flop 

Dual Transparent Latch 

Dual Transparent Latch 

Quad Transparent Latch 

Quod Transparent Latch with Clear 

Dual Transparent Latch 



8;1 Multiplexer with Strobe 

8:1 Multiplexer, Inverting 

4;1 Multiplexer 

Quad 2; 1 Multiplexer 

Quad 2:1 Multiplexer, Inverting 

4: 1 Multiplexer, Tri-State Output 

4:1 Multiplexer, Inverting 

4:1 Multiplexer, Tri-State, Inverting 

4-Bit Syncronous Binary Counter 
4-Bit Syncronous Binary Up/Down 
Counter 



3:8 Decoder with Enable 
2:4 Decoder with Enable 
8:3 Priority Encoder 

4-Bit Magnitude Comparator 



4-Bit Full Adder 
4-Bit Full Adder 
Full Adder 

9-Bit Odd/Even Parity Checker 



Inverting Input Pad Buffer 

Non-Inverting Input Pad Buffer 

D Flip-Flop Input Pad Buffer (D input only] 

Schmitt Trigger Input Pad Buffer 

Inverting Output Pad Buffer 

Open Drain, Inverting Output Pad Buffer 

Non-Inverting Output Pad Buffer 

D Flip-Flop Output Pad Buffer 

(Q output only) 

Bi-Directional Pad Buffer 
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Gamma Cell Library 



The SMC/NCR Second Source Partnership 



Cell Name 


Description 


Gate Cells 




AND8 


8 Input AND Gate 


AOI211 


2-1-1 AND-OR-lnvert 


AOI22 


2-2 AND-OR-lnvert 


A0I31 


3-1 AND-OR-lnvert 


EXNOR 


Exclusive NOR Gate 


EXOR 


Exclusive OR Gate 


HBUF 


High Drive Buffer 


MBUF 


Medium Drive Buffer 


INBUF 


Input Buffer 


INV 


Inverter 


INV3/OUT1NV 


High Drive INV/Output Buffer 


lOBUF 


Input/Output Buffer 


DLYCEL 


Delay Cell 


LS125 


Non-Inverting Tri-State Buffer 


LS240 


Inverting Tri-State Buffer 


LS242 


Inverting Transceiver 


NAN2 


2 Input NAND Gate 


NAN3 


3 Input NAND Gate 


NAN4 


4 Input NAND Gate 


NANS 


5 Input NAND Gate 


NOR2 


2 Input NOR Gate 


NOR3 


3 Input NOR Gate 


NOR4 


4 Input NOR Gate 


OR8 


8 Input OR Gate 


OAI31 


3-1 OR-AND-lnvert 


INVT 


Inverting Tri-State Driver 


TBUF 


Non-Inverting Tri-State Driver 


Latch & 




Flip-Flop Cells 




CCND 


Cross Coupled NAND Latch 


CCNR 


Cross Coupled NOR Latch 


DFF 


D Flip Flop 


DFFR 


b Flip Flop v*/ith Reset 


DFFRS 


D Flip Flop v\//Set& Reset 


JKFF 


J-K Flip Flop 


LAT 


Transparent Latch 


LATBUF 


Tri-Statable Transparent Latch 


LATR 


Transparent Latch wWh Reset 


LS74A 


D Flip Flop v^/ith Set & Reset 


LS76A 


J-K Flip Flop 


LSI 00 


Quad Transparent Latch 


LS116 


Quad Transparent Latch v\//Clear 


LS175 


Quad D Flip-Flop v^/Direct Clear 


LSI 64 


8-Bit Parallel Output, Serial Input 




SRviZ/Clear 


LSI 94 


4-Bit Bidirectional Universal SR 




Vi//Clear 


SRBN 


Shift Register 


UDC 


Up/Dovi/n Counter 


PCL2 


Jvjo Phase Clock 


Multiplexer Cells 




MUX2 


Multiplexer Cell 


LS151 


8:1 Multiplexer vv'ith Strobe 


LS153 


4:1 Multiplexer 


Decoder/ 




Encoder Cells 




LSI 38 


3:8 Decoder v^/ith Enable 


LSI 39 


2:4 Decoder with Enable 



Cell Name 


Description 


Counter Cells 




LS163A 


4-Bit Syncronous Binary Counter 


LS169A 


4-Bit Syncronous Binary Up/Dov^/n 




Counter 


Arithmetic Operator 




LS83 


4-Bit Full Adder 


LS85 


4-Bit Magnitude Comoarator 


Analog Cells 




ANSW 


Analog Sv^/itch 


DS1218 


Schmitt Trigger [1,2V-1,8V] 


DS1238 


Schmitt Trigger [12-3. 8V] 


DS1323 


Schmitt Trigger (1. 3-2, 3V) 


DS1527 


Schmitt Trigger (1. 5-2, 7V) 


DS1728 


Schmitt Trigger (1, 7-2, 8V) 


DS2028 


Schmitt Trigger (2,0-2, 8V) 


DS2232 


Schmitt Trigger [2, 2-3. 2V] 


OSCP 


General Purpose Oscillator 


POR 


Power On Reset 


VCM1 


Voltage Reference (50uA) 


VCM2 


Voltage Reference [lOOuA] 


VCM3 


Vottage Reference (200uA] 


OPAMP 


General Purpose Operational 




Amplifier 


COMP05 


High Speed Low Power 




Comparator 


COMPG 


General Purpose 




Comparator 


Pad Ceils 




INPD 


Input PAD 


IOPD2S 


2mA Split P-Channel I/O PAD 


IOPD4 


4mA Input/Output PAD 


IOPD4S 


4mA Split P-Channel I/O PAD 


IOPD8 


8mA Input/Output PAD 


IPPD4 


Input PAD with 400uA Pullup 


IPPD8 


Input PAD with 800uA Pullup 


ODPD4 


4mA 5V Open-Drain Output PAD 


ODPD8 


8mA 5V Open-Drain Output PAD 


ONPD4 


4mA 7V Open-Drain Output PAD 


ONPD8 


8mA 7V Open-Drain Output PAD 


OPD4 


4mA Output PAD 


OPD8 


8mA Output PAD 


OPPD4 


4mA Tri-State Output PAD 


OPPD8 


8mA Tri-State Output PAD 


PU30 


P-Channel Pullup 


PD30 


N-Channel Pulldown 


Supercells 




ROM Supercell 


Modular ROM (512 bits) 


RAM Supercell 


N/I^Wi'l^r QAN/I rc/io t-,;+,~i 


TIMER 1 Supercell 


16 Bit Counter/Timer 


65CX02 Supercell 


8-Bit Core Microprocessor 


ATOD Supercell 


8-Bit Analog to Digital Converter 



STANDARD MICROSYSTEMS 
CORPORATION^ 
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STANDARD MICROSYSTEMS 



Quality Assurance 
and Quality Control 



Volume manufacturing of quality products requires a rig- 
orous commitment on behalf of STANDARD MICRO- 
SYSTEMS and all of its employees. Each phase of the 
operation from design to shipping must adhere strin- 
gently to documented procedures which have produced 
a product of proven reliability 

The design of a reliable product is assured by adherence 
to tested and proven design rules. Any change in design 
rules must be evaluated using a design-rule test vehicle. 
Each new product is evaluated first by prototype wafer 
runs and thorough preliminary production and device 
characterization. 



Manufacturing flow is monitored by Quality Control to 
insure that parameters meet specifications on incoming 
material, within the line and at outgoing inspection. Clean 
room standards, calibration and work methods are also 
monitored. 

The Quality Assurance Department is the customer rep- 
resentative with the primary responsibility of evaluating 
product to current industry standards and related 
responsibilities of evaluating developmental processes, 
product and the standards themselves. 

The following is a more detailed description of the types 
of screening performed and how SMC is organized to 
produce quality products. 



1.0 Scope 

The measures taken by SMC to produce reliable inte- 
grated circuits and the assembly/screening options 
available to the customer are given in this section. 

2.0 Approach 

Factors relating to quality and reliability are discussed in 
the following order: package options, screening, pro- 
cess control, test and characterization, quality conform- 
ance/reliability testing, and failure analysis. 

3.0 Applicable Documentation 

SMC internal specifications define every phase of pro- 
duction and must be approved by the designated rep- 
resentatives of Engineering, Manufacturing, Processing, 
Quality Control and Quality Assurance departments. 

3.1 Design Rules (DR-XXXX) 

3.1 .1 Geometric design rules define layout consider- 
ations, alignment structures, critical-dimension targets, 
and input-protection networks. 

3.1.2 Electrical design rules define performance cri- 
teria, measurement methods, device parameters, and 
process parameters. 

3.2 Purchase Specifications (PS-XX) 

All critical material is purchased to SMC specifications 
from qualified vendors. 

3.3 Process Specifications (WX-XX, AX-XX) 

3.3.1 The procedures used for wafer processing and 
assembly of microcircuits are fully documented. 

3.4 Quality Control Procedures (QC-XX) 

QC procedures define the sampling techniques, accept/ 
reject criteria and test methods used in quality audits. 



3.5 Quality Assurance Procedures (QA-XX) 

QA procedures define methods for product/process 
qualification, reliability testing and failure analysis. 



3.6 Military Standards and Specifications 

MIL-C-45662 
MIL-l-45208 



Calibration System 

Requirements 

Inspection System 

Requirements 
MIL-M-38510 General Specification for Micro- 

circuits 
MIL-M-55565 Packaging of Microcircuits 

MIL-STD-105 Sampling Procedures and Tables 

for Inspection by Attributes 
MIL-STD-883 Test Methods and Procedures for 

Microelectronics 
MIL-STD-1331 Microelectronics Terms and 

Definitions 

4.0 Package Options, Features 

4.1 Ceramic (no suffix) 

Gold plating on external leads and die cavity, gold eutec- 
tic die attach. 

4.2 Tin-Plated Ceramic (Suffix "TC") 

Tin plating on external leads, gold on die cavity gold 
eutectic die attach. 

4.3 Cerdip (Suffix "CD") 

Meets MIL-STD-883 internal moisture content require- 
ments of Method 5005. Substrate connections are made 
through jumper chips, gold eutectic die attach. 

4.4 Plastic (Suffix "P") 

The plastic used is a B-type epoxy or an approved 
advanced type having a better resistance to a humid 
environment. 
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5.0 Screening Options 

5.1 High-Reliability Screening 

The routing is as defined in l\/IIL-STD-883 Method 5004 
for Class B product. Periodic Quality Conformance data 
(para. 9.2) is taken on generically similar parts. A sample 
flow chart for ceramic product is given on page 23. 

5.1.1 Internal Visual 

Both Die and Preseal Visual inspections are to the cri- 
teria of Method 2010, Condition B of MIL-STD-883. An 
AQL audit is performed on each lot by Quality Control. 

5.1.2 Stabilization Bake 

All parts are given the stabilization bake according to 
Method 1008, Condition C of MIL-STD-883. 

5.1.3 Temperature Cycling 

All parts are subjected to 10 cycles of -65°Cto + 150°C 
per Method 1010, Condition C of MIL-STD-883. 

5.1.4 Constant Acceleration 

All parts are subjected to a 30,000 g force in the Y1 ori- 
entation per Method 2001, Condition E. 

5.1.5 Seal 

Hermeticity testing is performed to conditions A and C 
of MIL-STD-883 Method 1014. 

5.1.6 Pre burn-in Electrical Test. 

Ordinarily this is the same as final electrical test. 

5.1.7 Burn-in 

Condition A and Condition D of MIL-STD-883 Method 
1015 are available. The stress is applied for 160 hours at 
125°C or at other temperatures according to the time- 
temperature regression. 

5.1.8 Final Electrical Test 

Verifies functional and parametric performance to the 
device specifications. 

5.1 .9 Final Visual Inspection 

All parts are inspected to Method 2009 of MIL-STD-883. 

5.2 Standard Screening 

Standard Screening is designed for the industrial- 
commercial customer and is available in all package 
types. For hermetic packages, temperature cycling, 
centrifuge and hermeticity are specified as well as die, 
preseal, and final visual inspection. 

5.2.1 Standard Die and Preseal Visual Inspections (AC- 
04, AC-08, QC-32, QC-33) 

These inspections were developed from Method 2010 of 
MIL-STD-883. The inspection criteria are specific to 
SMC's pMOS and nMOS COPLAMOS® technologies. 

5.2.2 Temperature Cycling (AC-15,AD-13) 
Temperature cycling is performed to the MIL-STD-883, 
equivalent of Method 1010, Condition C, - 65°C/ + 150°C, 
ten cycles. 

5.2.3 Constant Acceleration (centrifuge)(AC-16, AD-14) 
Constant Acceleration is performed to the MIL-STD-883, 
equivalent of Method 2001, Condition E, 30,000 g in the 
Y1 orientation. 

5.2.4 Hermeticity (AC-11, AD-15) 

Includes fine and gross leak testing to SMC equivalent 
of MIL-STD-883 Method 1014 Conditions A and C. 



5.2.5 Final Electrical Test 

Verifies functional and parametric performance to the 

device specifications. 

5.3 Custom Screening 

Certain applications require special screening which can 
he arranneri iinnn rfiniifist 



6.0 Electrical Test 

6.1 Probe and Final Test 

SMC test programs are developed by Test Engineering 
and verified by device characterization. An approval pro- 
cedure is required for the transfer of a new test program 
or a revised test program from engineering to production. 

6.2 Characterization/correlation 

Characterization of parts and correlation of test results 
with customer incoming testing performed on SMC test 
equipment, including Megatest and Sentry™, and Geh 
Rad test systems. 

6.3 Product Engineering 

SMC product engineers characterize parts to improve 
processing target parameters and test correlation with 
customers. 

7.0 Purchased Material 

Manufacturing materials are purchased from qualified 
vendors to SMC procurement specification. 

8.0 Quality Control 

The Quality Control Department reports to the Vice 
President of Quality Assurance. QC is responsible for 
incoming inspection, in-process audits, out-going 
inspection, document control, processing returned 
material and certification of compliance to specification. 

8.1 Incoming Inspection 

Inspectors verify critical parameters on all material used 
in manufacturing. The department maintains an 
approved vendor list and interfaces directly with vendor 
QC departments. 

8.2 In-process Audits 

QC performs an on-going monitoring of wafer process- 
ing, test and assembly functions. 

8.3 Outgoing Audit 

QC inspectors verify proper documentation and perform 
an external mechanical/visual inspection prior to 
shipment. 

8.4 Document Control 

All procedures for design, wafer processing, assembly 
quality control and quality assurance are maintained by 
document control. 

8.5 Returned Material Processing 

Returned material, whether for device performance or 
clerical reasons, is processed through visual and elec- 
trical testing. 

8.6 Certificates of Compliance 

Certificates of Compliance are available for specified 
screening and/or for products ordered under a customer 
part number/specification. 

9.0 Quality Assurance 

The Quality Assurance Department is the customer's 
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representative and is independent of the product line and 
manufacturing organizations. Quality Assurance is 
responsible for reliability assessment of new and exist- 
ing processes, material analysis, failure analysis, cali- 
bration and development of evaluation methods. 

9.1 Process Qualification 

All new processes and process revisions must equal or 
exceed the reliability of existing processes on applicable 
sections of the SMC Quality Conformance Test. 

9.2 Quality Conformance Test 

Samples of finished product are tested periodically to the 
criteTia of QA-t)1 (see table 1). This test sequence pro- 
vides historical data which is also used for qualification 
of new products and processes. The various subgroups 
contain tests referenced in Method 5005 of MIL-STD-883 
as well as tests designed around industry requirements 
not yet incorporated in military standards. 

9.3 Analysis 

9.3.1 The analytical facilities include a scanning elec- 
tron microscope equipped with energy dispersive X-ray 
(EDX), an infrared microscope, optical microscopes, a 
laser cutter, metallurgical equipment, an X-ray unit and 
electronic test instruments. 

9.3.2 Scanning electronic microscopy is used in the 
periodic evaluation of workmanship in wafer processing 
and assembly, to support engineering efforts at process 
development and improvement, and in failure analysis. 



9.3.3 Failure Analysis is performed upon request by 
sales, marketing or manufacturing organizations and is 
also performed on reliability test failures. The failure 
analysis procedures support the development of new 
product, process improvements, and the evaluation of 
screening methods. 

9.3.4 Material analysis is performed on layers of the 
integrated circuit and on packaging to support the engi- 
neering development. This characterization is per- 
formed on in-house facilities. Independent outside 
analytical laboratories are used to supplement SMC 
facilities if and when required. 



9.4 Calibration 

The Quality Assurance Calibration Laboratory specifies 
calibration intervals, performs calibration and maintains 
calibration records. The laboratory is traceable to the 
National Bureau of Standards. 

10.0 Lot Traceabllity 

SMC maintains traceabllity on all product types in all 
packaging options (including plastic). The information 
available includes: 

10.1 Wafer Processing Records 

Sign-off and date on all operations, critical measure- 
ments and inspection records. 




DATE CODE INTERPRETATION 



, 84 , . 41 . . M 



the last two digits of the number of year - 

the calendar week of the year ■ 

lot identification suffix - 



BI = BURN-IN (WHEN APPROPRIATE) BI 





1 — 1 r — 1 1 — 1 


1 1 1 1 (—7 


PIN1 
INDICATION- 


DEVICE TYPE 

1 SMC 

DATE CODE 


f 




I 1 1 1 1 r 


_.!_! LJ LJ 



ASSEMBLY LOCATION 
(IF OTHER THAN U.S.A.) 



l_l LJ l_J 



TOP MARKING 



BOTTOM MARKING 
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10.2 Wafer Lot Acceptance (Mapping) 



Device parameters are recorded using a high-speed 
Accutest™ 3600 system. Further evaluation is per- 
formed using an HP4145A semiconductor parametric 
analyzer. 



10.3 Wafer Probe and Final Test Data 

These are correlated with mapping results to develop 
optimized process targets and yield improvement. 

10.4 Assembly Records 

Inspection results and screening throughput is recorded 
with date and sign-off for each iot. 



TABLE 1— QA-01 QUALITY CONFORMANCE 



GROUP B TESTS 



Test 


SMC Test 
Method 


Mil Std 

883 
Method 


Condition 


Quantity/ 

accept no. or 

LTPD 


Frequency 
Package Type 


Subgroup 1 
Physical dimensions 


QC-22 


2016 




2 devices 
(no failures) 


every package 
lot 


Subgroup 2 
Resistance to solvents 


QC-21 


2015 


Marking Permanence 


4 devices 
(no failures) 


every 
shipment 


Subgroup 3 
Solderability 


QA-10 


2003 


Soldering temperature of 
245 ± 5°C 


15 


periodic 
conformance 


Subgroup 4 
Internal visual and 
mechanical 


QC-33 


2014 


Failure criteria from design 
and construction 
requirements of applicable 
procurement document 


1 device 
(no failures) 


periodic 
conformance 


Subgroup 5 
Bond strength 
(1 ) Thermocompression 
(2)Ultrasonic or wedge 
Die shear strength 


QC-31 
QC-35 


2011 
2019 


(1 ) Test condition C or D 

(2) Test condition C or D 


15 


periodic 
conformance 


Subgroup 6 
Internal water-vapor 
content 




1018 


5,000 ppm maximum water 
content at 100°C 


3 devices 

(no failures) or 

5 devices 

(1 failure) 


periodic 
conformance 
all hermetic 


Subgroup 7 
Seal 

(a) Fine 

(b) Gross 


AC-11 


1014 


As applicable 


5 


periodic 
conformance 
all hermetic 


Subgroup 8 
Electrical parameters 
Electrostatic discharge 
sensitivity 
Electrical parameters 


QA-11 


3015 


Group A, subgroup 1 
Test condition A or B 

Group A, subgroup 1 


15 


new device 
types 



GROUP C TESTS— DIE RELATED 



Test 


SMC Test 
Method 


Mil Std 

883 
Method 


Condition 


Quantity/ 

accept no. or 

LTPD 


Package 
Type 


Subgroup 1 
Steady state life test 

End-point electrical 
parameters 


QA-02 
Final test 


1005 


Test condition to be 
specified (typically 
1,000 hours at 125°C) 
As specified in the 
applicable device 
specification 


5 


all 


Subgroup 2 
Temperature cycling 
Constant acceleration 

Seal 

(a) Fine 

(b) Gross 

Visual examination 
End-point electrical 
parameters 


AC-15 
AC-16 

AC-11 

QC-22 
Final test 


1010 
2001 

1014 


Test condition C, 10 cycles 
Test condition Emin. 
Y, orientation only 
As applicable 

As specified in the 
applicable device 
specification 


15 


all 
hermetic 
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GROUP D— PACKAGE RELATED 



Test 


SMC Test 
Method 


Mil Std 

883 
Method 


Condition 


Quantity/ 

ac(;ept no. or 

LTPD 


Package 
Type 


Subgroup 1 
Physical dimensions 


QC-22 


2016 




15 


all 


Subgroup 2 
Lead integrity 

Seal 

(a) Fine 

(b) Gross 
Lid torque 


QC-19 
AC-11 


2004 
1014 

2024 


Test condition B2 (lead 

fatigue 

As applicable 

As applicable 


15 


all 

all 
hermetic 

cerdip only 


Subgroup 3 
Thermal shock 
Temperature cycling 

Moisture resistance 
Seal 

(a) Fine 

(b) Gross 

Visual examination 

End-point electrical 
parameters 


AC-15 
AC-11 


1011 
1010 

1004 
1014 


Test condition B, 15 cycles 
Test condition C, 100 
cycles 

As applicable 

Per visual criteria of 
Method 1004 and 1010 
As specified in the 
applicable device 
specification 


15 


all 
hermetic* 


Subgroup 4 
Mechanical shock 
Vibration, variable 
frequency 
Constant acceleration 

Seal 

(a) Fine 

(b) Gross 

Visual examination 
End-point electrical 
parameters 


AC-16 
AC-11 


2002 
2007 

2001 

1014 


Test condition B minimum 
Test condition A minimum 

Test condition E minimum, 
Y, orientation 
As applicable 

As specified in the 
applicable device 
specification 


15 


all 
hermetic 


Subgroup 5 
Salt atmosphere 
Seal 

(a) Fine 

(b) Gross 

Visual examination 


AC-11 


1009 
1014 


Test condition A minimum 
As applicable 

Per visual criteria of 
Method 1009 


15 


all 
hemietic* 


Subgroup 6 
Internal water-vapor 
content 




1018 


5,000 ppm maximum water 
content at 100°C 


3 devices 
(no failures) 
or 5 devices 

(1 failure) 


all 
hermetic 


Subgroup 7 
Adhesion of lead finish 




2025 




15 


all 


Subgroup 8 
Humid Environment 

End-point electrical 
parameters 


QA-04 
Final test 




1000 hours 85°C/85% 
Relative Humidity 


15 


plastic 


Subgroup 9 
Autoclave (Pressure 
Cooker) 

End-point electrical 
parameters 


QA-05 
Final test 




48hoursat2atm121°C 


15 


plastic 




* packages having gold plating thicknesses of 200 microinches or less are not required to pass subgroups 3 and 5. 
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CERAMIC 



WAFER LOT ACCEPTANCE 

I 



WAFER PROBE 



AC-01 SAW 



AC-02 BREAK 



AC-03 DIE PLATE 



AC-04 STD DIE VISUAL 



00-32 DICE INSPECTION AUDIT 



AC-05 DIE ATTACH 



— QC-35 DIE SHEAR AUDIT 



X 



AC-06-AL WIRE BOND 



AC-07-AU WIRE BOND 

I 



QC-31 BOND STRENGTH AUDIT 



AC-08 PRE-SEAL VISUAL INSP 



QC-33 PRE-SEAL AUDIT 



AC-09 SEAL 



QC-21 MARK PERM AUDIT 



AC-10 MARK 



AC-15 TEMP CYCLE -65/ + 150°C 10 CY 



AC-16 CONST ACCEL Y1-30,000G 



AC-11 HERMETICITY 



AC-12TRIM 



FINAL TEST 

I 



PACK 



OUTGOING INSPECTION 



QUALITY CONTROL AUDIT | 



SHIP 



The Quality Control Department reports at the same level 
as the manufacturing, test and process engineering 
departments. QC is responsible for incoming inspec- 
tion, in-process audits, out-going Inspection, document 
control, processing returned material and certification of 
compliance to specification. 



HI REL AVAILABLE 
ON ALL HERMETIC PACKAGES * 

I WAFER LOT ACCEPTANCE I 



WAFER PROBE 



AC-01 SAW 



AC-02 BREAK 

I 



AC-03 DIE PLATE 



DIE VISUAL 
METHOD 2010 COND. 6 



QC DIE VISUAL AUDIT 
METHOD 2010 COND. B 



AC-05 DIE ATTACH 



METHOD 2019 
DIE SHEAR STRENGTH 



AC-06-AL WIRE BOND 



AC-07-AU WIRE BOND 



METHOD 2011 BOND STRENGTH 



PRE-SEAL VISUAL 
METHOD 2010 COND. B 



PRE-SEAL VISUAL AUDIT 
METHOD 2010 COND, B 



AC-09 SEAL 



AC-10 MARK 



- QC-21 MARK PERM AUDIT 



METHOD 1008 STABILIZATION BAKE 



METHOD 1010 COND. C 
TEMP CYCLE 



METHOD 2001 COND. E 
CONSTANT ACCELERATON 



METHOD 1014 SEAL 
(HERMETICITY) 



AC-12TRIM 



METHOD 2016 
PHYSICAL DIMENSIONS 



PRE-BURN-IN TEST 



METHOD 1015 BURN-IN 



FINAL TEST 



PACK 



METHOD 2009 
EXTERNAL VISUAL 



OUTGOING INSPECTION 



— QUALITY CONTROL AUDIT 



SHIP 
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PLASTIC (NOTE 1) 



CERDIP 



WAFER LOT ACCEPTANCE 




WAFER LOT ACCEPTANCE 




1 




1 




WAFER PROBE 




WAFER PROBE 




1 




1 




SAW/BREAK 




AD-01 SAW 




1 




1 




DIE PLATE 




AD-02 BREAK 




1 




1 




SECOND OPTICAL DIE VISUAL 




AD-03 DIE PLATE 




f - 




i - 




DIE VISUAL AUDIT 




AD-04 STANDARD DIE VISUAL 




1 




1 




DIE ATTACH 




QC-32 DICE INSPECTION AUDIT 














1 






— 


DIE PUSH TEST 




AD-05 DIE ATTACH 
























WIRE BOND 




— 


QC-35 DIE SHEAR AUDIT 


























— 


BOND STRENGTH AUDIT 




AD-07 WIRE BOND 
























THIRD OPTICAL PRE-SEAL VISUAL 




— 


QC-31 WIRE PULL AUDIT 




1 














PRE-SEAL AUDIT 




AD-09 PRE-SEAL VISUAL INSPECTION 




1 




1 




MOLD 




QC-33 PRE-SEAL AUDIT 




1 




1 




BACK-SIDE MARK 




AD-10PRE-BAKE 




1 




1 




TRIM/FORM 




AD-1 1 SEAL 




1 




1 




SOLDER DIP 




AD-1 2 MARK 




1 




1 




MARK 




PS-10 TIN PLATE 




1 




1 




OPEN/SHORT TEST 




PS-10 VISUAL INSPECTION 




1 












EXTERNAL VISUAL 




— 


QC-15 SOLDERABILITY AUDIT 
























AD-13 TEMP CYCLE 








MECHANICAL/VISUAL 
MARKING PERMANENCE 










1 








AD-1 4 CONST ACCELERATION 
















FINAL ELECTRICAL TEST 




1 






AD-15HERMETICITY 




1 




PACK 




1 






AD-1 6 TRIM 




1 




OUTGOING INSPECTION 




1 






FINAL ELECTRICAL TEST 


















-J 


QUALITY CONTROL AUDIT 




1 








PACK 
















SHIP 




1 






OUTGOING INSPECTION 






















— 


QUALITY CONTROL AUDIT 














SHIP 





Note 1 — Plastic assembly is sub-contracted. Assembly 
operations are controlled by SMC approved 
sub-contractor specifications. 
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Data Communication Products 



Part 
Number 


Ham« 


]>«s<»dLpUo»i 


Max 
Ba»dltat6 


J?0wer, 
Supplies 


l^aclEage 


Fage 




COM 1553A 


IS53AIIART 


■MIL-STD-156S (MancHestet) Intei^ee 
C<mtrolier 


1MB 


+ 5 


40 DIP 


3S-50 




COM 1553B 


ISSSBXIABT 


„Ma:aTD-lg5i5BXMaftchesfc,eE),InJ;jsjrf|i^&^^ 
ContK)ller" 


--— MaEB- , "-" 


.:+s 


40-DIP-- 


-■5i---e6-- 




COM 1671 


ASTSD 


Asjnclironcius/^ticlironous 
Transiaitter/Beeei-ver, PuH Duplex, 5-8 
data bit, IX or i^X dock ■ ■ ■ • 


' 1MB 


+6,-5,+:^ 


,40DIP 


- 67-82 










COM 1863 


UAfiT, 


XTiilversal As^xkoixx-anoxis Eeceiveir/ 
Transmitter, Full Duplex; 5-6 data Mt, 


62.6 KB 


+.5 


, 40DIP 


83-90 








I, IVn, Z stop Mt, ealianced distortion • 
mstrgin ■ 






COM 2017 


XTAET 


trniversal AsynclironoTis Receiver 
'B?a3isinitter, iHiU Duplex, 5-8 data "bit, ' 

i,iy3,astoptot 


25 KB 


+ 5,-12 


40 DIP 


91-98 
















COM 2602 


■DABT 


Universal Asynclironous Beeelver/ 


25KB 


+ 5,-12 


40 DIP 


91-98. 






Tr^neitLltter, ihill Duplex, 5-8 data Mt, ■ 
1,2 stop Mt 




COM 2061 


nsET ■ ■ ■ 


Universal Synctoonoixs Receiver/ 
Transmitter, STR, BSC, Bi-^ync 
compatible 


. S50KB : 


+ 5,-12 , 


40 DIP- 


99-106 










COM 2651 


naAET/mr 


. Univeisal S3mctoonoi;^/As3m.elironous 
Beceiver/Tranamltter, Full Duplex. 8-8 
data bits;- 1, X%, 2 stop bit, IX, 16X, 

, 64Xclock 


lliTB 


+S 


28 DIP 


107-118 










/ 






COM 2661 


USABTylPGI 


■Universal Synclironous/Asynelironous 
Reeelvep/Eransmitter, FuU Duplex. 5-8 
data tuts; 1, 1 V2.'2 stopMt, IX, 16X, 
,64X clock 






28 DIP 


119-130 




1MB , 


+ 5 










COM 5025 


Miilti-B?otocol 
USYMBT ■ 


SDLC'HDLC, ADCCP,Bi-i^im-C, DDCMP 
compatible, aiitomatie bit stuffing/ 
stripping, frame detectioii/genepatton, 
CBfC generatiLon/clieeMng, sync detecjtion 


■ 1.5 MB 


+5, +ia 


40 Dip- 


131-142 




COM 7210 


GPIB 

Interface ■■ 
CoBtTOllei? 


liitelligent Interface ControllBr 
for GPIB {lElEr-^S-lSTS) 


8MHz ■ 


+S 


40 DIP 


1-^-154 










COM 8004 


52BltCBG , 

GenerAt-or/ 

Checlcei"' 


Gompanion deince to COM 60^ 
forSSMtCBC 


2.0 MB 


,.+s 


20 DIP 


155-160 




COM 8017 


,UABT 


Universal A^smclironous Eeoelver/ 
Transmitter, l\ill Duplex, 5-8 data Mt, 
l,l-/s,astopblt 


40 KB 


+5 


40 DIP 


161-168 




COM 8018 


UABT 


■ Universal Asynchronous Receiver/ • 
Transmitter, IHiU Duplex, 5-8 rfatablt, 
1. IVa, 2 stop bit, enhanced distortion 
margin 


62.5 KB 


+ 5 


40 DIP 


83-90 




COM 8251A 


USART 


Universal Synclironous/AsynclironDiis 
Receiver/Traxtsmitter, Full Duplex, S-8 
data bit, 1, IVa, 2 stop Mt 


64 KB (sync) ' 
9.6KB(as3m.e) 


+ 5 


28 DIP. 


169-184 




COM 8502 


UABT 


Universal Asynclironous Receiver/ 
Transmitter, i\m Duplex, 5-6 data bit, 
1,2 stop bit 


,40 KB 


+ 5 


40 DIP 


161-168 










COM 9004 


IBM 3274 
Beeelver/ 
Tfansniltter 


IBM 3274 Compatible receiver/ 
traiismltter 


2,36 MB 


+ 5, ±12 


40 DIP 


186-192 




COM 9026 


LA¥G 


Local Area Network Controller for token 
passsystems^ ■.- ■ ■ 


2.5 MB 


+ 5 40DIP 


193-208 




COM 9032 


LAlilT 


Local Area Uetwork Transceiver 


■ 2.5 MB 


+ 5 40 DIP 


209-214 
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STANDARD MICROSYSTEMS 



COM 1553A 

^IPC FAMILY 



MIL-STD-1553A "SMART*" 



FEATURES 

n Support of MIL-STD-1553A 

D Operates as a: Remote Terminal Responding 

Bus Controller Initiating 
D Performs Parallel to Serial Conversion when 

Transmitting 
D Performs Serial to Parallel Conversion when 

Receiving 
D Compatible with HD-15531 Manchester Encoder/ 

Decoder 
D All Inputs and Outputs are TTL Compatible 
D Single +5 Volt Supply 
D COPLAMOS® N Channel MOS Technology 
D Available in PC Board Form from Grumman 

Aerospace Corporation 



PIN CONFIGURATION 









"O'MSGFLG 1 £ 

O'WRDFLG 2 £ 

IVWF 3 £ 

DTAAVL 4 £ 


\y 


3 40GND 
3 39BDCST 
3 38VCC 
3 37AD1 
2 36AD2 
2 35AD3 
2 34AD4 
2 33 ADS 
D 32RD1 

2 31 D7 

3 30D6 
2 29 D5 
2 28 D4 
2 27 D3 
2 26 D2 

2 25 D1 

3 24 Da 
2 23fDE 


RCVINT 5 £ 

tXINT 6 [; 

CMDSYN 7 £ 

DTASYN 8 £ 
RCVNRZ 9 C 

§wEio C 

P0R11 C 

iA12 [ 

RCVCLK13 £ 

VW14 £ 

SEND DATA 15 £ 

DTARQST16 C 

MSGC0MPLT17 £ 

TXENAIS £ 

TXCLK19 C 

XMITNRZ20 £ 






















J 22 TX MODE 
2 21 BC 


PACKAGE: 40-pin D.I.P. 



GENERAL DESCRIPTION 



The COM 1553A SMART® (Synchronous Mode Avionics 
Receiver/Transmitter) is a special purpose COPLAMOS 
N-Channel MOS/LSI device designed to provide the 
interface between a parallel 8-bit bus and a MIL-STD- 
1553A serial bit stream. 

The COM 1553A is a double buffered serial/parallel and 
parallel/serial converter providing all of the "hand 
shaking" required between a Manchester decoder/ 
encoder and a microprocessor as well as the protocol 
handling for both a MIL-STD-1553 bus controller and 
remote terminal. 

The COM 1553A performs the following functions in 
response to a 16 bit Command Word. It provides address 
detection for the first five bits of the serial data input. 
If all 1's appear in the address field, a broadcast signal 
is generated. The sixth bit is decoded as mode: transmit 
or receive. The next five bits are decoded for zero 
message flag and special flags in the subaddress/mode 
field. The last five bits (word-count field) are decoded 
determining the number of words to be received or 
transmitted. 

When receiving data sync the COM 1553A performs a 
serial to parallel conversion, buffers the 16 bit message 



word, and formats it into two parallel (8 bit) bytes for 
presentation to the I/O bus under processor or hard 
wired logic control. 

In the transmit mode the COM 1553A takes two parallel 
8 bit data words from the I/O bus and serially transmits 
the resultant 16 bit word to the Manchester encoder. 
This is done under the control of Send Data. To facilitate 
data transfer the COM 1553A provides all necessary 
buffering and storage for transmitted and received data. 
It also provides all necessary hand shaking, control 
flags and interrupts to a processor or hard wired logic 
terminal. See block diagram 1. 

The COM 1553A can be set up as either a remote termi- 
nal or a bus controller interface. 

The COM 1553A is compatible with Harris' HD-15531 
CMOS Manchester Encoder-Decoder chip and inter- 
faces directly with it. A 3 device kit consisting of: SMC's 
COM 1553A, Harris' HD-15531 and Circuit Technology's 
CT1231 forms a complete system interface for the 
message structure of MIL-STD-1553A. See block 
diagram 2. 

Note: All terminology utilized in this data sheet is 
consistent with MIL-STD-1553. 
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MD1 
TERfvllNAL 
ADDRESS 

',AD5- 
CMDSYNC— « 
DATA SYNC — ■ 
VALID WORD — ' 
TX ENABLE -^ 
SEND DATA — ■ 
DATAREQ — 
DATA AVAIL — 

RCV INTERRUPT-^ 




BLOCK DIAGRAM 1 



TX INTERRUPT - 
INTERRUPTACK■ 
POR- 



CONTROL 
LOGIC 



k 

3^ 



< 



C/3CQ 
CO 



16 BIT REC DATA S/R 



5Z 



REC DATA BUFFER 



I/O SELECT 



D0-D7S 



in 



I/O 
BUFFER 



TX BUFFER 



<> <> 



16 BIT TX S/R 



n 



! lai 
! }^ 
! Q 



< 

Z 

o 

w 

D 

"I 

Q 



XMIT NRZ 
TX CLK 



O 
O 

h- 'CD I- 

z 
o 
o 




D0f-D7 



MESSAGE FLG 



"0" WORD FLO 



INVALID WORD FLG 



MESSAGE COMPLETE 



BROADCAST 



DATA REQUEST 



DATA AVAIL 



RCV INTERRUPT 



BLOCK DIAGRAM 2 



-+-5 POR 
I AD1-AD5 
TERMINAL 
ADDRESS 



READ DATA ENBL 



TAKE DATA ENBL 



STATUS WD ENBL 



INTERRUPT ACK 



BUS CONTROLLER 






PROCESSOR 
INTERFACE 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 


"0" MESSAGE FLAG 


0MF 


The ZERO MESSAGE FLAG output is set when the 7th 
through 1 1th bits of the NRZ serial input data in a command 
envelope (see figure 1 ) are zero. 0MF is an open drain output. 


2 


"0" WORD FLAG 


0WF 


TheZERO WORD FLAG output issetwhenthe12th through 
16th bits of the NRZ serial input data in a command envelope (see 
figure 1 ) are zero. 0WF is an open drain output. 


3 


INVALID WORD 
FLAG 


IVWF 


The INVALID WORD FLAG output is set when the word just 
received has an invalid parity bit or invalid format. IVWF is an open 
drain output. 


4 


DATA AVAILABLE 


DTA AVL 


DATA AVAILABLE is set when a word received is ready to be read. 
When the COM 1553A is the bus controller, DTA AVL occurs on 
command, status or data words. When the COM 1553A is a remote 
terminal, DTA AVL is set only on data words. DTA AVL is an open 
drain output. 


5 








RECEIVE INTERRUPT 


RCV INT 


RECEIVE INTERRUPT is set to zero when the 6th bit following a 
command sync is a zero and thefirstS bits match AD1 -ADS. RCV INT 
is reset to one by 1 A or POR, or if the line is not active for 32 
receive clocks. 


6 








TRANSMIT INTERRUPT 


TX INT 


TRANSMIT INTERRUPT is set to zero when the 6th bit following a 
command sync is a one, and the firstSbitsmatchADI -ADS. TXINT is 
reset to one by lA or POR. 


7 


COMMAND SYNC 


CMD SYN 


COMMAND SYNC is an input from the Manchester decoder and 
must be high for 16 receive clocks enveloping the receive NRZ data 
of a command word. 


8 


DATA SYNC 


DTA SYN 


DATA SYNC is an input from the Manchester decoder and must be 
high for 16 receive clocks enveloping the receive NRZ data of a 
data word. 


9 


RECEIVER NRZ 


RCV NRZ 


Receiver serial inputfrom Manchester decoder. Data must be stable 
during the rising edge of the receive clock. 


10 




SWE 


SWE is the output enable for the following open drain outputs: 

0MF 

0WF 

IVWF 

DTA AVL 

DTARQ 

MSG CPLT 


STATUS WORD 
ENABLE 


11 




POR 




POWER ON RESET 


POWER ON RESET. Active low for reset. 


12 




Ta 




INTERRUPT ACKNOWLEDGE 


lA resets TX INT REC INT 0IVIF, 0WF and BRD CST lA may occur 
between the trailing edges of receive clocks 6 and 10, orbetween the 
leading edge of receive clock 12 and the falling edge of receive clock 
15, or after the falling edge of clock 17. 


13 


RECEIVE CLOCK 


RCV CLK 


The RECEIVE CLOCK is synchronous with the Receiver NRZ input 
during the command sync or data sync envelopes. 


14 


VALID WORD 


VW 


This input is driven by the VALID WORD output of the Manchester 
Decoder. VW should occur immediately after the rise of the first 
RCV CLK following the fall DATA SYNC or COMMAND SYNC. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


15 


SEND DATA 


SD 


SEND DATA is a "handshake" signal received from the Manchester 
encoder inaicating mat tne encoder is ready for the UUM ibbcJA to 
transmit data. SD will bracl<et 16 transmit data clocks. The contents 
of the transmitter buffer will be transferred into the transmit register 
when SD is low. 


16 


DATA REQUEST 


DTA RQST 


DATA REQUEST is an open drain output which is set high when 
the transmitter holding register is ready to accept more data. 


17 








MESSAGE COMPLETE 


MSG CMPLT 


In the receive mode the MESSAGE COMPLETE output is set low 
when the appropriate number of data words have been received. In 
the transmit mode, MSG CMPLT indicates that the appropriate 
number of command, status or data words have been transmitted. 


When the COM 1553A is a bus controller, MSG CMPLT will be 
asserted low when 33 command status or data words have been 
transmitted. MSG CMPLT is an open drain output. 


18 


TRANSMIT ENABLE 


TXENA 


A TRANSMIT ENABLE signal will be sent to the Manchester 
Encoder to initiate transmission of a word. TXENA is generated 
under the followinq conditions: 


1 ) COM 1553A is a bus controller: A TXMODE pulse will set TXENA. 
A second TXMODE pulse will reset TXENA. 

2) COM 1553A is a remote terminal. A Transmit Command from the 


Controller will cause a TRANSMIT INTERRUPT (see pin 6). When 
this is acknowledged by a TXMODE pulse from the system, TXENA 
will be set. 
TXENA will then be reset by either 

A) Send Data Command associated with the last data word. 

B) a second TXMODE pulse. 

3) COM 1553A is a remote terminal. The falling edge of a DATA 
SYNC associated with the last data word of a message while in the 
receive mode. TXENA will be reset during the next SEND DATA 
envelope. 


19 


TRANSMIT CLOCK 


TXCLK 


Transmitter shift clock. 


20 


TRANSMIT NRZ 


XMIT NRZ 


Serial data output to the Manchester Encoder. 


21 


BUS CONTROLLER 


BC 


BC determines whether the COM 1553A is acting as bus controller 
(BC = 0) or as a remote terminal (BC = 1 ). 


22 








TRANSMIT MODE 


TXMODE 


TXMODE is a system input controlling transmission. See TXENA 
(pin 18). 


23 




TDE 


TDE is an input from the system initiating transmission. Two TDE 
pulses are required for each 16 bit data word, one for each 8 data 
bits placed on D0-D7. 


TAKE DATA ENABLE 


24-31 


DATA BUS 


D0-D7 


Bidirectional 8 bit Data Bus to the system. D0 is the LSB. D0-D7 
present open drain outputs. 


32 


READ DATA ENABLE 


RDE 


RDE is an input from the system instructing the COM 1553A to place 
the received data onto D0-D7. Two RDE pulses are required per 16 
bit data word, one for each 8 bits. 


33-37 


ADDRESS 


AD5-AD1 


AD1-AD5 provide addressing to the COM 1553A. Each input has a 
pull-up resister allowing simple switching to ground to select the 
user address. 


38 


POWER SUPPLY 


VCC 


+5 Volt supply. 


39 


BROADCAST 


BDCST 


BDCST is set low when a "broadcast" command word (the address 
bits all set to "one") is being received. BDCST is reset by lA. 


40 


GROUND 


GND 


Ground 
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OPERATION. ..RECEIVE MODE 



The COM 1553A is considered in tine receive mode wiien 
TXENA = 0. Tiie most significant bit of botin command 
and data words is received first. 

Message reception is initiated when CMD SYN goes 
high. The next 16 receive clocl<s are used to shift serial 
data into RCV NRZ. 

The first 5 bits of a command word designate a remote 
terminal address. These 5 bits are compared with AD1-5. 
ShbuTd tTi e adgre ss W\ Xs c 6 m pa re , th^e sTxtT i BTt is 
examined. If it is a zero, a RECEIVE INTERRUPT is ge n- 
erated. If it is a one, a TRANSMIT INTERRUPT is 
generated. 

Bit fields 7-11 and 12-16 are examined for all zeros. All 
zeros in bit field 7-11 denotes a"ZERO MESSAGE" and all 
zeros in bit field 12-16 denotes a "ZERO WORD." 
Receipt of a data word is indicated when DTA SYN 
goes high. 

When DTA SYN or CMD SYN goes low, the contents of 
the 16 bit receive register are loaded into the receive 
buffer. The buffer is organized into two groups of 8 bits 
each. The most significant 8 bits (byte 1 ) will be en abled 
onto th e 8 bit data bus on receipt of the first RDE pulse 
(RDE1). The secon d byte will b e enabled on receipt 
of the second RDE pulse (RDE2). 

A DATA AVAILABLE is generated for data words only 
However, data will be available on D0-D7 for both com- 
mand and data words. 



If 32 clocks are received after the rising edge of CMD 
SYN or DTA SYN an "Idle Line Reset" condition exists. 
This implies that a new CMD SYN or DTA SYN has not 
yet been received within 16 clocks of the fall of the 
previous sync signal. The "Idle Line Resef'will reset the 
following signals: 

REC IN T "0" MSG FLG 

TX INT "0" WRD FLG 

BRDCST 

When the c ommanded number of da ta words have been 
received, a MESSAGE COMPLETE signal is generated. 

As the transmitter and receiver registers operate 
independently, the COM 1553A will receive its own 
transmission. The following signals are inhibited during 
transmission: 



BC = 



BC = 1 







REC INT 


DAT AVL 


XMT INT 


IVWF 


BRD CST 


REC INT 


0WF 


XMT INT 


0MF 


0MG 


JAM MESSAGE ERROR* 


0WF 




BRD CST 




JAM MESSAGE ERROR* 



*JAM MESSAGE ERROR is an internal signal. See 
OPERATION... TRANSMIT MODE. 



OPERATION. ..TRANSMIT MODE 



The COM 1553A is considered in the transmit mode 
when TXENA = 1. This is caused by a TXM ODE pulse 
(see description of pin functions, pin 18). The TXMODE 
pulse in turn is a system response to a transmit 
command from the receiver. 

When the Manchester Encoder receives TXENA = 1, it 
will respond with SEND DATA = 1 . The COM 1553A will 
then send the system a DATA REQUEST 

Data^is loaded into the tra nsmi tter data buffer from the 
8 bit data bus by pulsing TD E. Th e 8 mo st sig nificant 
bits are loaded in by the first TDE pulse (TDE1 ), the 8 
least significant bits by the second TDE pulse (TDE2). 

When SEND DATA (pin 15) is low, the transmitter shift 
register inputs will follow either the transmit buffer 
output, JAM ADDRESS or JAM MESSAGE ERROR sig- 
nals. When SEND DATA is high, the shift register parallel 
inputs are disabled and the shift register contents are 
shifted out in NRZ form using the 16 negative edges in 
the send data envelope. 

To facilitate transmission of the status word from a 
remote terminal, the COM 1553A will "jam" the first 
(most significant) 6 bits of_the status word into the 
transmit register when BC is high. These bits will 
automatically be sent at the first SEND DATA pulse. In 
general for MIL-STD-1553A the remaining 10 bits will 
normally be all zeros and will automatically be sent out 
as such. If it is desired to send addi tional status 
information (for MIL-STD-1553B),aTDE1 pulse will load 



the le ast significant 2 bits of the first 8 bit byte, and a 

TDE2 will load all 8 bits of the second byte. Note that 

these TDE pulses must be sent (and data presented) 

before the first SD = 1 response from the Manchester 

Encoder. 

A JAM ADDRESS occurs when 1) a t ransmit co mmand 

is addressed to the COM 1553A 2) A TXMODE pulse is 

received and 3) a valid word signal is received. Upon a 

JAM ADDRESS the COM 1553A will load its address into 

the first 5 bits of the transmit register 

Alternatively, a JAM ADDRESS will also occur at the 

fall of the last data sync after valid receive command 

has been detected. 

The JAM ADDRESS function will be inhibited if a "0" 

word and "0" message condition exists in the command 

word. The JAM ADDRESS will be reset by the leading 

edge of SEND DATA. 

The JAM MESSAGE ERROR function occurs when, in 

the receive mode, a data word is not followed by a 

VALID WORDsignal. JAM MESSAGE ERROR consists 

of loading a one in the sixth bit location of the transmit 

shift register (the message error location). 

JAM MESSAGE ERROR is inhibited when the transmit 
command word contains "0" Message and "0" Word 
fields. 

When the com manded number of data w ords has been 
transmitted a MESSAGE COMPLETE signal will be 
generated. 
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GENERAL OPERATION NOTES 



1 . BUS CONTROLLER. When BC = 0, signifying that the COM 1553A is the bus controller the following is true: 
A. DTA AVL is generated on the rising edge of the 17th receive clock following a Command Sync or Data Sync. This 



ollr»\A/c tho Ki ic nr\r\irr\\\cir ir\ rona\\/a r»r>mrMor->/H o+o+i ie> r\r ^n*^ 



B. TXENA is contingent only on TXMODE. A bus controller can therefore transmit whenever it desires. 

C. The jam functions are inhibited. 

INVALID WORD FLAG. When BC = 0, IVWF will be set if the Valid Word input (from the Manchester decorder) does 
not go high following receipt of all words. This includes words received from the same device's transmitter. (This 

r\y^\\ll rime* f^ \lt^\\f-il^\ l +rVf^4- ^^-f+Ut^N ^^f^tF\^^^\\\^^^ ii^fs ^^i^mn SnA i^^v^X 

(ji uviUco a vaiiuiiy icoi Oi iHc ounirOiici ii ai isririssrOi I/. 

When BC = 1, IVWF will be set if Valid Word does not go high following receipt of all command and address words 
addressed to the terminal. 

IVWF will be set for the following conditions: 



Message type 


Word 


Terminal is 


IVWF generated 


Transit Group 


Transmit command 


receiving 


yes 




Status word 


transmitting 


no 




Data word 


transmitting 


no 


Receive Group 


Receive command 


receiving 


yes 




Data word 


receiving 


yes 




Status word 


transmitting 


no 


Receive/Transmit 


Receive command 


receiving 


yes 


Group (this 


Transmit command 


receiving 


no 


terminal addressed 


Status word 


receiving 


no 


to receive) 


Data word 


receiving 


yes 




Status word 


transmitting 


no 


Receive/Transmit 


Receive command 


receiving 


no 


group (this terminal 


Transmit command 


receiving 


yes 


addressed to 


Status word 


transmitting 


no 


transmit) 


Data word 


transmitting 


no 




Status word 


receiving 


no 



3. POWER ON RESET. During power-up, POR is a lo w to h igh exponential with a minimum low time, after the 
supply is within specified limits, of 10 microseconds. POR may also occur asynchronously anytime after power 
has stabilized. 



POR initializes the following outputs: 

0MG 
0WF 



BRD CST 
XMT INT 



REC INT 
MSG CMPLT 
IVW 
RDE 



TDE 

DTA AVL 
TXENA 
DTA RQ 



The following circuit may be used to implement POR. 



TO OTHER SYSTEMS 

o 




4. WORD COUNT: Word count is decoded as follows: 

D1 D2 D3 D4 D5 Word Count 















1 


1 











1 





2 


1 


1 


1 


1 


1 
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TRANSMIT TIMING FIGURE 1 




TXENA 



SEND DATA 



XMITNRZ 



^'r 



-16 transmit clocks - 



MSB 



4V- 



LSB 




MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range -55°C to +125°C 

Storage Temperature Range -55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325° C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta = -55° C to 125° C, Vcc = +5 +5%, unless otherwise noted) 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


DC CHARACTERISTICS 














Input Voltage Levels 
Low Level, Vil 
High Level, Vih 


3.0 




0.8 


V 
V 






Output Voltage Levels 
Low Level Vol 
High Level Voh 
Low Level Vol 


3.0 


4.0 


0.4 
0.4 


V 
V 
V 


l0L = 
loH = 
l0L = 


-1.6 mA, except open drain 
100 /uA, except open drain 
-1 .6 mA, open drain output 


Output Leakage, ko 
Input Current, AD1-AD5 




60 


10 


AiA 


VlN = 


OV 


Output Capacitance 
Input Capacitance 
Power Dissipation 




5 
10 


10 
25 
500 


Pf 

Pf 

mW 
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PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


AC CHARACTERISTICS 














Clock Frequency 


fT,fR 


980 


1000 


1020 


KHz 




Clock Duty Cycle 




45 


50 


55 


% 




Rico onH foil timoc lA TDP 














tx M0l5i, Sw^, fibE 


tr,tf 






20 


ns 




rise and fall times, all 














other inputs 


tr.tf 






50 


ns 




receiver clock-NRZ 


tRN 






65 


ns 


figure 3B 


receiver clock-sync delay 


tsR 






85 


ns 


figure 3B 


receiver clock-VVV delay 


tRV 






100 


ns 


figure 38 


VW reset delay 


tvs 






500 


ns 


figure 3C 


transmit clock-TX ENA delay 


tTX 


25 






ns 


figure 4A 


TX ENA pulse width 


txw 


60 






ns 


figure 4 A 


transmit clock-send data set-up 


tTS 






40 


ns 


figure 48 


transmit clock-send data hold time 


tST 






140 


ns 


figure 4C 


transmit clock fall to NRZ 


tTN 









ns 


figure 48 


transmit clock rise to NRZ 


tNT 


95 






ns 


figure 48 


TX MODE pulse width 


tMW 


150 






ns 


figure 5 A 


TX MODE to TX ENA delay 


tux 






750 


ns 


figure 58 


VALID word to TX ENA delay 


tvx 






750 


ns 


figure 58 


Data sync to TX ENA delay 


tox 






750 


ns 


figure 5C 


TX ENA reset delay 


tsx 






750 


ns 


figure 5C 


DATA SET-uptime 


toi 


100 






ns 


figure 6A 


TDE pulse width 


t02 


150 






ns 


figure 6 A 


Data Hold time 


tD3 


100 






ns 


figure 6A 


Cycle time 


tD4 


450 




16000 


ns 


figure 6 A 


DTA RQST Delay 


tDS 


450 






ns 


figure 6 A 


Output Enable time 


tD6 


100 






ns 


figure 68 


RDE Pulse width 


tD7 


150 






ns 


figure 68 


receive cycle time 


tos 


450 




17000 


ns 


figure 68 


Flag delay time 


tD9 


450 






ns 


figure 68 


Output disable time 


toio 


100 






ns 


figure 68 


SEND DATA delay 


toil 


2.5 




3.5 


fiS 


figure 6C 


TDE off delay 


tD12 


1.5 






/US 


figure6C 


TDE1 delay 


tD13 


500 






ns 


figure 6C 


SYN to RDE 


tD14 


500 






ns 


figure ffD 


RDEtoSYN 


tois 






2.5 


fJS 


figure 6D 


Status word Enable 


tSE 






100 


ns 


figure 8A 


Status word Disable 


tSD 






100 


ns 


figureSA 


Flag delay time 


tcF 






1 


fjS 


figure 88 


VW delay time 


tcv 






90 


ns 


figure 88 


IVWF delay time 


tci 






450 


ns 


figure 88 


DTA AVL delay time 


tCD 






500 


ns 


figure 88 


DTA RQST delay time 


tsR 






450 


ns 


figure 8C 


BRD CST delay time 


tRB 






2 


/US 


figure 8C 


nDr\ r^CT n. .Iq^ ...;^tk^ 


+ 


-1 








iigure uD 










^*S 


flag reset delay 


tiB 






750 


ns 


figure 8D,8E 


Interrupt delay 


tRI 






1.5 


/us 


figure 8D 


lA pulse width 


tiA 


150 






ns 


figure 8D 


Interrupt pulse width 


tiw 


1 






fjS 


figure 8D 


Flag reset time 


tFR 






450 


ns 


figure8F 


DTA AVL reset delay 


tRD 






750 


ns 


figure 8F 


IVWF reset delay 


tRV 






750 


ns 


figure 8F 


MSG CMPLT turn-on delay 


tMR 






1.5 


/US 


figure 9A, 98 


MSG CMPLT turn-on delay 


tMF 






1.5 


fjS 


figure 9A,9C 
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RECEIVE TIMING FIGURE 2 



RCV CLK 



CMD SYNC 



DATA SYNC 



RNRZ 



VW 



MSB 



,jTJi_r^i 



-iv- 



■^^ 



^i- 



^5- 



LSB 



RECEIVER INPUT TIMING FIGURE 3 
3A 



-t.. V2 CLOCK CYCLE 



TRANSMITTER TIMING FIGURE 4 
4A 



TXCLK 


/ 


' 




/ 




i 


-ftTX* 






TXENA 


"• t™ »• 


1 









CMD/DATA SYNC 



SB 



h 



4B 



CMD/DATA SYNC 



3C 



4C 



1 

TXCLK / 


1 


1 




♦-te-» 




SEND DATA 


\ 


1 
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TRANSMIT ENABLE (TX ENA) TIMING FIGURE 5 



5A 



TX MODE 



:^^u^ 



-5 'r 



^ 



i_r 



BC = 1 



5B* 



TX MODE, NEGATIVE TRANSITION WILL 
OCCUR IN CROSS-HATCHED AREA. 



1^ 



TX MODE 



"I r*- 1 fjis min 



-i i- 



"t?MeT ;|5|6|7|8|9|i0|ii|i2|i3|i4|i5|i6| | | | T1; |I 
♦CMDSYNC !- 



^ h 



nj- 



VALID WORD 



LAST DATA 
SEND 



-H [ *- 0.6 /js typ 



.Z^iJ^ 



-J H- 



Htt. 



^ 



♦this is a CMD word being receiv ed. IT IS A DDRESSED TO THIS BUFFER AND THE 
T/R BIT -1. TX ENA IS RESET BY 2ND TX MODE NEGATIVE TRANSITION OR BY 
LAST SEND DATA (MESSAGE COMPLETE FUNCTION). 



DATA SYNC 
RCV BIT TIMES 



-( (p 



n 



5C' 



I 1 I 2 I UJi 



i ^ 



ih 



ih 



SEND DATA 



I 



**THIS is THE LAST DATA WORD BRING RECEIVED. THIS TERMINAL PREVIOUSLY 
HAD RECEIVED A REC CMD WORD WITH OUR ADDRESS AN DAREC/XM IT BIT = 
DURING THIS MESSAGE SEQUENCE. TX ENABLE IS SET BY MSG CMPLT 
FUNCTION AND RESET BY RECEIPT OF SEND DATA. 



44 



DATA BUS TIMING FIGURE 6 



6A 





/ 




BITS 0-7 







\ 




( 










) 




- 








Ul lU « P^ 










\ 






















TDE 




. 






\ 


\ 












DTA RQST 


\* Id, >■ 












tm— »■ 


— 1[» »• 


\ 




















U 















6B 



J 



_t„ ^ 



DATA BUS TIMING FIGURE 6 



6C 











SEND DATA 




1 








TDE 


tde2 state 1 




1 TEIi STATE 



NOTE: SEND DATA RISING EDGE INITIALIZES TDE TO TDE1 STATE 



6D 



CMD SYN 
BRD CST 



lA RESETS FIGURE 7 



1 1 1 2 I 3 I 4 I 5 16 1 7 I 8 I 9110 1 111 121131 14 115 116 117 I18M9I 20 1 

'uijmnnjirinjijywimjmju^ 



^ 



DTA AVL 
(DATA SY NC = 1) 
TX INT OR REC INT 



M 



f^A-d bed ^9^ 



M 



Ia occurring during ZONE A RESETS 
TA occurring during ZONE B RESETS 
lA OCCURRING DURING ZONE C RESETS 



BRD CST. TX INT. REC INT. 

BRD CST. TX INT. REC INT. "O" MSG FLG. 

BRD CST. TX INT. REC INT. "0" MSG FLG. 
"0" WRD FLG. 
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STATUS FLAGS FIGURE 8 



8A 



■v/ \- 



•^t„-H Ku.-J 



SB 



rLTTJTJ 




8C 



■« 1»- 



8D 




8E 



^ 



□TA AVL 










IVWF 










RDE 


■• tn ► 





8F 
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9A 



MESSAGE COMPLETE FIGURE 9 
BUS CONTROLLER MODE 



—\v- 



w 



•WORD COUNTER IS PRESET TO 33 
•MSG CMPLT SET t-, MAX AFTER RISE OF 33RD SEND 
DATA PULSE 



REMOTE TERMINAL, RECEIVE COMMAND RECEIVED 



-55- 



bC 



9B 



L^ 



MSG CMPLT 



•WORD COUNTER PRESET TO COUNT IN COMMAND WORD 



•MSG CMPLT GENERATED BY LAST DATA SYNC OF 
THE MESSAGE GROUP 



REMOTE TERMINAL, TRANSMIT COMMAND RECEIVED 



-S5- 



9C 



^1 



MSG CMPLT 



•WORD COUNTER PRESET TO TRANSMIT COMMAND WORD FIELD 
PLUS 1. THIS ALLOWS FOR THE STATUS WORD. 

•MSG CMPlT GENERATED BY THE LAST SEND DATA OF 
THE TRANSMIT MESSAGE GROUP. 
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TYPICAL SYSTEM OPERATION 



f INITIALIZE J 




*SEE FIGURE 7 FOR ALLOWABLE TIMES TO SEND lA 
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TO ENCODER 



PRESENT 
UPPER BYTE / 
ON D0-D7 / 



FROM ENCODER 



TO ENCODER 



/ SEND 
I STATUS WORD I 
FROM / 
BUFFER / 



PRESET TOE 
LATC H TO 
TDE1 STATE 



/ 1. PRESENT 
UPPER BYTE 
2. PULSE TDE i 



SET TDE 
LATC H TO 
TDE2 STATE 



I 1 . PRESENT 
LOWER BYTE 
2, PULSE y 
TDE / 




TRANSFER 

BUFFER 

CONTENTS INTO 

XMIT SHIFT 

REGISTER 




' PRESENT 
LOWER BYTE j 
ON D0-D7 / 





FROM ENCODER 



TO ENCODER 



SEND 
XMIT NRZ 
(STATUS 
WORD) 
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OPEN DRAIN OUTPUT 
FIGURE 10 



rr 



INTERNAL LOGIC 




D0-D7 INPUT/ OUTPUT 
FIGURE 11 

Vcc 



INTERNAL LOGIC "*■ 

Ji 




RDE 



OTHER OUTPUTS 
FIGURE 12 

Vcc 



INTERNAL LOGIC -<- 



1>H 



J 
1 



ST0JVIDfi(RDMia?OSYSTEMS 
CORPORATION > 



Circuit diagrams utilizing SMC products are Included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make chanaes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
OTRPORAnON^ 




COM1553B 

|JLPC FAMILY 
PRELIMINARY 



MIL-STD-1553B "SMART 



'® 



5J 



FEATURES 

D Support of MIL-STD-1553B 

D Operates as both Remote Terminal and 

Bus Controller 
D Manchester II Serial Biphase Input/Output 
D 16 bit Microprocessor compatible 
D Command/Data Sync Detection/Identification 
D Automatic Command Response Generation 
D On-Chip Address Recognition 
n Error Detection For: 

Sync Errors 

Parity Errors 

Word Count Errors 

Bit Count Errors 

Invalid Manchester Code 

Incorrect Address 

Incorrect Bus Response Time 
D TTL Compatible 
D Recognizes Mode Codes and Broadcast 

Commands 
D Provides DMA handshaking signals 
D COPLAMOS® n-Channel MOS Technology 



PIN CONFIGURATION 









D9 1 C 

D10 2 C 

D11 3 C 

D12 4 C 

D13 5 C 

D14 6 C 

D15 7 C 

TXMODE 8 C 

POR 9 C 

12MH2CLK 10 C 

MANIN 11 C 

MANIN 12 Z 

MCF 13 [^ 

DO 14 C 

D1 15 C 

D2 16 C 

D3 17 C 

D4 18 C 

D5 19 C 

D6 20 C 


;] 40 D8 

] 39 GND 

3 38 MANOUT 








2 37 MANOUT 

2 36 CSTRA 

335 dtR 

J 34 C/D 

3 33 rt;bc 

2 32 BGACK 

2 31 VDD 
1 30 VBB 

1 29 CSTR 

2 28 DTACk 

3 27 MC 
U 26 iM 

2 25 R/W 

3 24 VC 
H 23 WE 
3 22 Vcc 
3 21 D7 














PACKAGE: 40-pin 


D.I. P. 




GENERAL DESCRIPTION 



The COM1553B SMART® (Synchronous Mode Avionic 
Receiver-Transmitter) is a 40-pin COPLAMOS® n-Channel 
MOS/VLSI circuit designed to simplify the interface of 
a microprocessor or buffer to the serial MIL-STD-1 553B 
data bus. 

The COM1553B is a double buffered serial to parallel, 
parallel to serial converter. It receives serial Manchester II 
biphase encoded data from a 1 553B bus receiver and con- 
verts it to 16 bit parallel data. When receiving Manchester 
II data, the C0M1 553B detects and identifies sync polarity, 
reconstructs the clock, detects zero crossing, checks for the 
proper number of bits and performs a parity check on the 
incoming data. In addition to parity check, the COM1553B 
also checks for sync errors, invalid Manchester code, 
improper word count, incorrect address and incorrect bus 
response time. The transmitter in turn, accepts 16 bits par- 
allel data and serially transmits it as Manchester II data. 



appending the appropriate sync and parity. 

The COM1553B recognizes protocol commands, and 
automatically generates the proper response, thereby off- 
loading what otherwise would be microprocessor tasks. This 
feature eliminates critical software timing requirements. 

TheCOM1553B is designed to work both as a Bus Con- 
troller and Remote Terminal, making it universal within the 
MIL-STD-1 553B environment. The COM1553B automat- 
ically loads and recognizes its own address. It determines 
the type of transfer required in both the Bus Controller and 
Remote-Terminal modes and generates the proper control 
signals to complete the transfer. It automatically transmits 
the status word and detects message errors and mode 
commands. Furthermore, it generates the control signals 
for DMA operation, therefore eliminating processor 
intervention. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1-7,14-21, 
40 


16-bit Data Bus 


D0-D15 


Three-state bidirectional data lines used to transfer Command, Data, Error and 
Status Words between the COM1553B and external memory. 


8 1 


Transmit Mode 


TXMODE 

1 


This output signal when high indicates that the C0M1 553B is transmitting infor- 
mation on the 1 553B bus. 


9 


Power On 
Reset 


POR Input signal used to initialize or reset the brror registers, i ne h 1 address must be 
reloaded after POR is issued. 


10 


12 MHz Clock 


12 MHz 
_CLK_ 


12 MHz clock input. 


11 


Complementary 
Manchester In 


MAN IN 


This input is low when there is no data on the bus. A high level indicates that the 
data is in its negative state (Refer to receive waveform, figure 3). 


12 


Manchester In 


MANIN 


This input is low when there is no data on the bus. A high level indicates that 
the data is in its positive state (Refer to receive waveform, figure 3). 


13 


Mode Code i MCF 
Flag 


Output signal that is active high when a mode command (all I's or all O's in subad- 
dress) has been detected. 


22 


Power Supply ; VCC i 


+ 5 volts DC supply. 


23 Write Enable 


WE 


Output signal. When low, WE indicates that the data on the 16 bit data bus is sta- 
ble and can be written into the external memory. 


24 Valid Command 


VC 


Output signal that is pulsed hiqh to signify the reception of a valid command. 


25 


Read/Write 


R/W 


Output signal that indicates whether a DMA transaction is a C0M1 553B read 
(when hiqh) or a write (when low) operation. 


26 


Invalid 
Message 


IM 


Output signal which is pulsed low at the same time as MC to indicate that a mes- 
sage error has occurred. 

IM is also pulsed low while MC remains high if there are errors in the Command 
word with matching address. 


27 


Message 
Complete 


MC j Output signal used as either an interrupt or flag to the processor whenever a 
1 C0M1 553B transaction has been completed. 


28 


Data Transfer | DTACK 
Acknowledge 


This input signal when low indicates that the Data Transfer Request 
(DTR) and BGACK has been acknowledged and data is on the data bus. 


29 


Command 
Strobe 


CSTR 


This input signal when low is used to inform the COM1553B that aCommand 
Control Code is available in external memory. When the COM1553B is ready, it 
issues a Command Strobe Acknowledge and initiates a memory read cycle to 
load the Command Control Code bits CB2-CB0. 


30 


Power Supply 


VBB 


- 5 volts DC supply voltage. 


31 


Power Supply 


VDD 


+ 12volts DC supply. 


32 


Bus Grant 
Acknowledge 


BGACK 


This input signal, when low, indicates that the processor has acknowledged DTR 
and relinquished the data bus. 


33 


Remote 

Terminal/Bus 

Controller 


RT/BC 


When thisinput is high the COM1553B operates as a Remote Terminal. 
When RT/BC is low, the C0M1 553B operates as a Bus Controller. 


34 


Command/Data 


C/D 


This output signal during memory write operations indicates either a Command 
or Data Word transfer. A low level indicates that the COM1553B is writing a Data 
Word, Status Word, the contents of the Error Register, or the contents of the Last 
Command Register into external memory. 

A high level indicates that the transferred word is a Command Word. During 
memory read operations this output is low. It goes high to indicate that data has 
been latched internally and the read operation is completed. 


35 


Data Transfer 
Request 


DTR 


Output signal that initiates a DMA transfer with the processor. 


36 


Command 

Strobe 

Acknowledge 


CSTRA 


This output pulse acknowledges the receipt of the command strobe and initiates 
the Command Control Code (CB2-CB0) transfer. 


37 


Complementary 

Manchester 

Output 


MANOUT 


This output signal is high when the C0M1 553B is not transmitting. 

A low level indicates that output data is in a positive state (refer to driver 

waveform, figure 4). 


38 


Manchester 


MANOUT 


This output signal is high when the COM1553B is not transmitting. 

A low level indicates that output data is in a negative state (refer to driver 

waveform, figure 4). 


39 1 Ground | GND 


Ground 
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FUNCTIONAL DESCRIPTION 



The COM1553B is organized into the following five 
sections: 

Manchester Encoder/Decoder 

This section performs the manchester encoder and 
decoder functions ana coae error checK . I he re ceiver con- 
tinuously monitors the MANIN and the MANIN input lines 
for a valid sync. After the reception of the 3 bit sync, the 
receiver is in full synchronization. It then checks for transi- 
tion errors and correct (odd) parity. If an error is detected in 
the Command Word the receiver resets itself, pulses IM and 
waits for another valid sync. If any errors are detected in 
Data and Status Words, the appropriate error bits in the 
Status and Error register are set. 

The transmitter section encodes the NRZ data from the 
data bus into Manchester II and appends, depending on 
word type, the proper sync and parity. 

State Sequencer Logic 

The State Sequencer section generates the appropriate 
signals to various internal sections to control the overall 
device operation. 

inputs to the State Sequencer which establish its oper- 
ational modes are as follows: 

Remote Terminal/Bus Controller (RT/BC) 

Determines whether the data terminal is operating as 
a Remote Terminal or as a Bus Controller. As a result of 
Dynamic Bus Allocation, any terminal shall be capable of 
performing either function at different times. 
Command Control Code bits D2-D0 (CB2-CB0) 

These Command Control Code bits determine the type 
of memory operation the COM1553B will execute. Transfer 
of these commands to the COM1 553B are initiated by 
asserting Strobe Command (CSTR) low. This informs the 
COM1553B that a command is available in e xterna l mem- 
ory. When t^COM1553Bacl<nowledaes the CSTR signal, 
it sets the C STRA ou tput low. The CSTR must be reset within 
1 .5 |xs after CSTRA. The COM1553B then initiates a mem- 
ory read cycle by setting R/W high, C/D low, and DATA 
TRANSFER REQUEST (DTR) low. When the Command 
Control Code bits are valid on the bidirectional data bus (D2- 



READ/WRITE (R/W)-! 



DO), DTACK and BGACK are generated by the processor 
and these bits are loaded into the COM1553B 3-bit latch 
decode register. The command is then decoded in accor- 
dance with Table A. Timing associated with loading these 



^nn-t--^! t^:t^ ;^i 



*u»— r^r\K I ■< r rnn : i 
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Transmit Last Command 

Allows the State Sequencer to bypass a memory read 
cycle to external memory and transmit the Last Command 
from the TRLC register following the Status Word trans- 
mission. 

Broadcast 

When the address field of the Command Word is all ones 
(11111), the State Sequencer is informed that a Bus Con- 
troller or a Remote Terminal is transmitting a Broadcast 
Command. 

Word Count Zero 

Input from the 5-bit counter and count decode logic 
informing the State Sequencer that all Data Word memory 
cycles are complete. 

Sync Input 

Indicates the type of sync word just strobed into the 
receive register. 

Address Compare 

When programmed as a Remote Terminal, the 
C0M1 553B compares the contents of the address register 
with the address field of the received Command Word. If 
the addresses compare, the State Sequencer will respond 
to the received command. 

Any Error 

This input to the State Sequencer indicates that one of 
the seven possible errors have been set in the error register 
at the end of a message (Refer to Error register). 

Contiguous Word 

Set if there is a transition 2 |xs. after the parity transition 
of the last word, this signifies that a contiguous word fol- 
lows the word presently in the receive register (Refer to 
figures). 



WRITE ENABLE (WEj-T 
DATA TRANSFER REQUEST (DTR) - 

BTSCK _ 

COMMAND STROBE (CSTR) — 



LOW UNTIL fiflACK RECOGNIZED f 



SOME DELAY OF MS INDICATES DATA VALID 



r r» Afr^ft ■ IM.*.!! 



MEMORY STROBE (MS) 

COMMAND S TROBE 

ACKNOWLEDGE (CSTRA) 



HOLD DATA 



UNTIL LATCHED 



BUS GRANT ACKNOWLEDGE (BSACK) 

DATA 

COMMAND/DATA (C/D) 



HOLD BUS UNTIL DMA COMPLETE 



fc6tJTft6L BITS 661 &61.6B6 



LOW UNTIL BITS LATCHED INTERNALLY 



FIGURE 1: 
BUS CONTROLLER TIMING SEQUENCE 

Loading the Command Control Code Bits into the COM1553B prior to 
transmitting a Command or initiating a Diagnostic Sequence. 
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Error Detection Logic 

The error detection logic of the COM1553B detects the 
following errors: 

Improper Sync 

One or more words have been received with incorrect 
sync polarity (For example a Status Word with Data Sync). 

Invalid Manchester II Code 

One or more words have been received with a missing 
transition during the 1 7 |xs. data and parity bit time. 

Information Field Greater Than 16 Bits 

The deeoderMs deteete4a transition^ W4thm one bit time 
(1 |jls.) following the parity bit in one or more words. 

Odd Parity Error 

One or more words have been received with a parity error. 

Improper Word Count 

An improper word count error occurs when the number 
of Data Words received is not equal to the number of words 
indicated in the word count field of the Command Word. In 
the case of a Mode Code without data, no Data Words 
should follow the Mode command. Mode Codes with data 
should consist of only one Data Word. If the contents of the 
word counter are not zero, and there is no contiguous Data 
Word, then the receive message is considered incomplete 
(e.g., fewer words were received than indicated by the word 
count in the Command word). If the contents of the word 
counter are zero and there is a transition detected 2 |xs. after 
the parity transition of the last Data Word, then this also will 
cause an improper word count. In either case, the Message 
Error bit of the Status_Word is set and not transmitted and 
the invalid message (IM) output pin pulsed at the same time 
as the message complete (MC) signal output. 

Response Time 

The amount of time between the end of transmission of 
a Command or Data Word and the Status Word reply by a 



Remote Terminal should be less than 1 4 |jls. If the response 
is greater than 14 |jls. the response error bit is set in the 
error register. 

Address Mismatch 

An address mismatch occurs when a Bus Controller 
detects a mismatch between the address of the Status Word 
reply from a Remote Terminal and the Remote Terminal 
address of the Command. 

Internal Register Description 

Remote Terminal Address And Status Code Register 

Tl-Hs register is loaded when the processor issues a toad 
Remote Terminal Address (RTA) command. The word that 
is loaded in this register consists of 9 bits of status infor- 
mation (D0-D8) and the 5-bit address (D1 1-D15). The 
Remote Terminal Address may be checked any time by 
reading out the Error register. The RTA and Status Code 
register must be loaded before the C0M1 553B may respond 
as a Remote Terminal. 

Table 1 defines the data bus bits which correspond to the 
Remote Terminal Address and Status Code register and 
Status Word that transmitted. Bits DO, D2, D3 and D8 are 
double buffered to allow the RT to retain this information 
after the Status Code register is updated. For all legal com- 
mands, other than Transmit Last Status and Transmit Last 
Command Mode command, the Status Word register is 
updated with these four bits. Any Error and the Broadcast 
flag. The Dynamic Bus Control and Terminal Flag bits are 
modified by the appropriate Mode Code commands 
whereas, the Broadcast Flag and Any Error bits are set by 
the COM1553B internal logic. The Reserved Bits and the 
RT address bits are transferred directly into the Status Word 
register during the RTA and Status Code command. 

Bits DO, D2, D3, and D5-D9 are cleared after transmis- 
sion for ail commands except Transmit Last Status and 
Transmit Last Command Mode Code. 



TABLE A: 
COMMAND CONTROL CODE BIT DEFINITION 





DATA BITS 


CONTROL 

BITS 
CB2-CB0 




RT/BC 


D,s 


Dm 


D.3 


D,2 


D„ 


Dio 


Dg 


Ds 


D. 


Ds 


D5 


D4 


D3 


D, 


D, 


Do 


FUNCTION 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 


1 


X 


READ DATA 
REGISTER 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


1 





X 


LOAD RT ADDRESS 
REGISTER AND 
STATUS CODE 
REGISTER 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 











READ LAST CMD 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 








1 


READ ERROR AND 
REMOTE TERMINAL 
ADDRESS 
REGISTERS 





X 


X 


X 


X 


X 


X 


X X 


X 


X 


X 


X X 





1 





BUS CONTROLLER 
TRANSMISSION 





X 


X 


X 


X 


X 


X 


X 1 X 

i 


X 


X 


X ; X X 


i 1 : 1 

i i 


BUS CONTROLLER 
RT TO RT TRANSFER 



X— DON'T CARE 
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TABLE 1 






RTA and Status 


Internai Logic 


Status Word 


Data Bus Bit 


Code Reg. Bits 


Signais 


Transmitted 


D15(MSB) 


RTA Bit 4 (MSB) 


— 


RTA Bit 4 (MSB) 


D14 


RTA Bit 3 


— 


RTA Bit 3 


Ly lO 


n 1 rt oil 2 


— 


RTA Bit 'iL 


D12 


RTA Bit 1 


— 


RTA Bit 1 


D11 


RTA Bit (LSB) 


— 


RTA Bit (LSB) 


D10 


Not used 


Any Error 


Message Error 


D9 


Instrumentation Bit 


— 


Instrumentation 


D8 


Service Request Bit 




o ■ O i 






061 Kioe nci-(Ue3i 


D7 


Reserved 


— 


Reserved 


D6 


Reserved 


— 


Reserved 


D5 


Reserved 


— 


Reserved 


D4 


Not Used 


Broadcast Flag 


Broadcast Flag 


D3 


Busy 


— 


Busy 


D2 


Subsystem Flag Bit 


— 


Subsystem Flag 


D1 


Dynamic Bus Control 


Dynamic Bus Mode Code 


Dynamic Bus Control Bit 




Acceptance Enable Bit 


command 






(See Note) 






DO (LSB) 


Terminal Flag Enable 


Inhibit Terminal Flag (set) 


Terminal Flag 




Bit (See Note) 


or 
Override Terminal 
Flag (reset) 
Mode Code command 





Note: When the Dynamic Bus Control Acceptance Enable bit is set, the RT will accept a Dynamic Bus Mode code 
request. If this bit is reset the RT will reject a Dynamic Bus Mode Code command request. The Terminal Flag 
Bit (if enabled) is only set high if no Inhibit Terminal Mode Code command has been received, or if an Override 
Inhibit Terminal bit command is received. 



Last Command Word Register 

The last valid Command Word received by a Remote 
Terminal is stored in an internal 16 bit Last Command Reg- 
ister. This makes it readily available for transmission onto 
the data bus whenever the Remote Terminal receives a 
Mode Command to transmit the last Command Word. The 
Last Command Register contents are automatically writ- 
ten into external memory following a receive or a transmit 
message. 

As a bus controller (BC), the Last Command Register is 
used to hold the command transmitted before the present 
command. In RT-RT transfers this register of the BC holds 
the receive command while the transmit command is being 
transmitted. 

The processor has the option of reading the Last Com- 
mand Register of either a bus controller or remote terminal, 
by issuing a Read Last Command Register command code. 

Error Register And RTA Register 
(Error Register) 

A 7-bit error register is provided in the C0M1 553B to hold 
any errors associated with the previous message. If one 
or more of the 7 error types existsjhe C0M1 553B asserts 
the Invalid Message output pin (IM) at the same time that 
Message Complete (MC) is asserted, cueing either a Re- 
mote Terminal or a Bus Controller that an error occurred in 
the previous message. If desired, the processor may read 
out the 16-bit error word by issuing a read error register 
command code. When operating as a Remote Terminal, the 
COM1553B will write the Receive register. Error register and 



Last Command register automatically into external memory 
at the end of each command message because these reg- 
isters may change before the processor has determined 
the necessity of reading them. The Error register may be 
read anytime during a message except during message 
transfers. 



TABLE 2 

The 16-bit error word is defined as follows; 



DATA BUS 


ERROR BIT 


LINE 


DEFINITION 


D15 


RT Address Bit 4 


D14 


RT Address Bit 3 


D13 


RT Address Bit 2 


D12 


R 1 Address Bit 1 


D11 


RT Address Bit 


D10 


Unused 


D9 


Improper Sync 


D8 


Address Mismatch Error 


D7 


Improper Word Count 


D6 


Response Time Error 


D5 


Information Field > 16 Bits 


D4 


Unused 


D3 


Invalid Manchester II 


D2 


Parity Error 


D1 


Unused 


DO 


Unused 
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Mode Detection Logic 

Both receive and transmit Command Words for a Remote 
Terminal and Bus Controller are decoded by the Mode 
Detection Logic. The Mode Detection Logic examines the 
following Command Word field to establish the correct 
operating mode for the C0M1 553B (Refer to TABLE B). 

Subaddress/Mode Code Field (D5-D9) 
and Data Word Count/Mode Code (D0-D4) 

This field Determines if the command is a normal com- 
mand or a Mode command. A subaddress field of 00000 or 
444"H 4mptiesaModecommancLMotbef codes are inter- 
preted as a subaddress. Once a Mode Command is 
detected the most significant bit of the Data Word Count/ 
Mode Code field is decoded. A most significant bit of "zero" 
implies no associated data with the Code Command. A 
"one" in this position implies that a Data Word will follow. 

The C0M1 553B recognizes five Mode Code commands 
(Refer to TABLE B). Transmit Last Command or Transmit 
Last Status word Mode Code commands, when received 
by the C0M1553B, will automatically transfer the contents 
of the Transmit Last Command or Transmit Last Status reg- 
ister onto the 1 553B serial bus. 



The Override/Inhibit Terminal Flag and Dynamic Bus 
Control Mode Code commands, when received by the 
COM1553B, may change the state ofthe Terminal Flag and 
Dynamic Bus Control bits of the Status Word register. The 
Inhibit Terminal Flag Bit Mode Code command resets the 
Terminal Flag bit. 

The Override Inhibit Terminal Flag Mode Code com- 
mand enables the Terminal Flag bit if it was previously dis- 
abled. Finally, Dynamic Bus Control Mode Code command 
sets the Dynamic Bus Control bit in the Status Word if the 
Dynamic Bus Control Enable bit is high. If the enable bit is 
low, the Dynamfc Bus Control M in the Status Word remaTris 
low when a Dynamic Bus Control Mode Code command is 
received. 

Broadcast Mode Code 

Broadcast Mode Code Commands are acknowledged if 
the T/R bit is low. If the T/R bit is high all Broadcast Mode 
Code commands without associated Data words are 
acknowledged except Dynamic Bus Control and Transmit 
Last Status Word. 

Illegal Broadcast Commands are not acknowledged ; the 
IM output pin is, however, pulsed low. 







TABLE B 
MODE CODE DEFINITION 








FUNCTION 


DETECT 
CONDITION 


DETECTED 
BY 


SPECIAL 
CONDITIONS 


COMMENTS 




Broadcast 


All ones in RT 
address field of 
CMDWD 


Broadcast 
Decode Logic 


Status word is 
written into Memory 
but not transmitted 


Address compare 
must recognize all 
ones as Broadcast 


Mode Codes 


All zeros or 
ones in sub- 
address field 
OfCMDWD 


Mode Code 
Decode Logic 


MSB of Word Count 

= No data Word 

1 = With Data Word 


Word Count 
is Decoded 
as mode code 


(1) Dynamic 
Bus 
Control 






Word Count 
Field = 00000 


Dynamic Bus Accept 
Bit of Status word 
enabled for 
transmission 


(2) Transmit 
Last 
Status 
Word 






Word Count 
Field = 00010 


Status Word remains 
unchanged 


(3) Inhibit 
Terminal 
Flag Bit 




Word Count 
1 Field = 00110 


Terminal Flag Bit of 
Status word inhibited 
until overriden 


(4) Override 
Inhibit 
Terminal 
Flag Bit 




Word Count - 
Field = 00111 


Removes Inhibit from 
Terminal Flag Bit of 
Status Word 


(5) Transmit 
Last 
Command 




Word Count 
Field = 10010 


Status Word 
Transmitted followed 
by Last Command 
Register. Status Word 
remains unchanged. 
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OPERATION 



When operating as either a Bus Controller or Remote 
Terminal, the COM1553B decodes the Command Word and 
determines the type of message transfer. Having deter- 
mined the type of message transfer, the COM1553B 
ysneraicS tuc propci' Gontiol driu liinniLj biyiictib iu uufii- 
plete the transfer (refer to Figure 2). The types of messages 
are listed below: 

1 ) Bus Controller to Remote Terminal 

2) Remote Terminal to Bus Controller 



3) Remote Terminal to Remote Terminal 

4) Mode Code without Data Word 

5) Mode Code with Data Word (transmit) 

6) Mode Code with Data Word (receive) 

7) Broadcast Bus Coniroiier lo Remote Terminal 

8) Broadcast Remote Terminal to Remote Terminal 

9) Broadcast Mode Code without data 
1 0) Broadcast Mode Code with data 



Bus Controller Transaction (RT/BC of the COM1553B set low) 



The following section describes each 1553B information 
transfer format from the Bus Controller viewpoint. A table 
showing external memory operation is also provided for 
each message format. 

Note that all MIL-STD-1553B serial bus activity is initi- 
ated by the Bus Controller. 

Bus Control ler-to-Remote Terminal Transfer (BC to RT) 

This message format covers transactions where the Bus 
Controller transmits a receive Command and Data Words 
to a Remote Terminal. Initializing the C0M1 553B is accom- 
plished by the processor loading an external memory 
address counter with the starting address of the COM1553B 
memory control block (address where the Command Con- 
trol Code CB2-CB0 resides). The Bu s Contr oller processor 
next issues a Command Strobe (CSTR) and holds it 
low until th e COM1 553B issues a Command Strobe Ack- 
nowledge (CSTR A). The COM1553B then responds with a 
Data Transfer Request (DTR) which initiates a normal 
memory cycle. 

Refer to figure 1 for timing associated with loading the 
Command Control Codes (CB2-CB0) into the COM1553B 



prior to transmitting the Command Word. 

The first memory cycle loads the Command Control Code 
bits CB2-CB0 from external memory into the COM1553B 
functioning as Bus Controller (BC). The BC decodes this 
command to determine the type of memory transaction to 
perform (refer to TABLE A). The next read cycle loads the 
Command Word into the BC command register and then 
transmits it onto the 1553B bus. This Command Word, while 
in the command register, determines the BC mode of oper- 
ation. The BC then completes this BC to RT transaction by 
issuing a predetermined number of read cycles (deter- 
mined by the value in the word count field of the Command 
Word) and transmitting the data onto the 1553B bus. After 
transmission of the last Data word, the BC initializes its 
response timer, expecting a Status Word from the remote 
terminal within 14 |xs. 

After the reception of the Status Word, the BC initiates a 
memory write cycle which writes the Status Word into the 
external memory. If the BC doesn't receive the Status Word 
within the allowed response time the message error bit 
is set. 



I/O 

O DTR 



C/D 



"1 



~l 



LOW UNTIL DTACK 



I BGACK 



I DTACK 




LOW UN TIL 



LOW UNTIL DTACK 



1 LOW UNTIL C/D HIGH 

^- 



LOW UNTIL 

SO ON AFT ER 

DTACK 



LOW UNTIL 
SOON A FTER 
DTACK 



(DATA \_ 
WORD / 



COMMAND WRITE TO MEMORY 



DATA WRITE TO MEMORY 



FIGURE 2 



DATA READ FROM MEMORY 
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TABLE 3 

BC to RT (The BC transmits a receive 

command to the RT) 



TABLE 5 
RTtoRT 







COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


XXX2h 


READ* 


2 


RECEIVE 
COMMAND 


READ 


3 


DATA 


READ 


- . 


DATA 


fEAD 


. 


DATA 


READ 


32 


DATA 
** 


READ 


33 


STATUS 


WRITE 



*reads command control code bits CB2-CB0 
** response time 
X = don't care 



Remote Terminal Transfer to Bus Controller 

This message format covers transactions where the Bus 
Controller sends a transmit command to a Remote Terminal 
and requests data from it. Initialization of the BC for normal 
memory cycles is the same as the previous transfer. The 
difference between this transfer and the previous transfer 
is that after the Command Word is transmitted, the BC waits 
14 fjLS for the Status Word and the requested number of Data 
Words. The Status and Data Words are written into external 
memory via write cycles as they are received by the BC. 



TABLE 4 

BC to RT (The BC transmits a Transmit 

Command to an RT) 







COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


XXX2h 


READ* 


2 


TRANSMIT 

COMMAND 

** 


READ 


3 


STATUS 


WRITE 


4 


DATA 


WRITE 


. 


DATA 


WRITE 


. 


DATA 


WRITE 


36 


DATA 


WRITE 



*reads command control code bits CB2-CB0 
^* response time 
X = don't care 

RT-to-RT Transfer 

In this message format, the Bus Controller first issues a 
receive Command Word to the receiving Remote Terminal, 
followed by a transmit Command Word to the transmitting 
terminal. Next, the transmitting RT responds with a Status 
Word and the requested number of Data Words to both the 
receiving RT and BC. The receiving RT at the end of the 
message sends a Status Word to the BC. As Status and 
Data Words are received by the BC they are written into 
external memory. 







COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


XXX3h 


READ* 


2 


RECEIVE 
COMMAND 


READ 


3 


TRANSMIT 
COMMAND 


READ 


4 


STATUS 

(transmitting 

RT) 


WRITE 


5 


DATA 


WRITE 


• 


DATA 


WRITE 


• 


DATA 


WRITE 


36 


DATA 
** 


WRITE 


37 


STATUS 
(receiving RT) 


WRITE 




*reads command control code bits CB2-CB0 
'* response time 
X = don't care 

Mode Code Command without Data 

The Bus Controller transmits a specific Mode Command 
and expects a Status Word back from the addressed 
Remote Terminal. 

TABLE 6 



MEMORY 
ADDRESS 


MEMORY 
CONTENTS 


COM1553B 

MEMORY 

OPERATION 


1 
2 

3 


XXX2h 

COMMAND 

STATUS 


READ* 
READ 

WRITE 



*reads command control code bits CB2-CB0 
** response time 
X = don't care 
Mode Command with Data 
(BC receives a single word) 

In this mode the Bus Controller issues a transmit Mode 
Command to an RT. The addressedTerminal responds to 
the Bus Controller with a Status Word and a single Data 
Word. 

TABLE 7 



MEMORY 
ADDRESS 


MEMORY 
CONTENTS 


COM1553B 

MEMORY 

OPERATION 


1 
2 

3 
4 


XXX2h 

COMMAND 
** 

STATUS 
DATA 


READ* 
READ 

WRITE 
WRITE 



*reads command control code bits CB2-CB0 
response time 
X = don't care 



** 
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Mode Command with Data 
(BC transmits a single word) 

The Bus Controller Issues a receive Mode Command and 
one Data Word to a Remote Terminal. A Status Word is 
returned by the Remote Terminal to the Bus Controller 

Table 8 



MEMORY 
ADDRESS 


MEMORY 
CONTENTS 


COM1553B 

MEMORY 

OPERATION 


1 
2 
3 

4 


XXX2h 

COMMAND 
DATA 
** 

STATUS 


READ* 

READ 

READ 

WRITE 



*reads command control code bits CB2-CB0 
*'* response time 
X = don't care 

Bus Controller (Broadcast) to Remote Terminal Transfer 

In this mode the Bus Controller issues a Broadcast Com- 
mand followed by a number of Data Words. In all Broadcast 
Command transfers a BC will not expect to receive a Status 
Word back. 



RT to RT Transfer (Broadcast) 

This transfer is similar to the normal RT to RT transfer 
with the exception that the Status Word is not returned by 
the receiving RT. 



TABLE 10 







COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


XXX3u 


READ* 


2 


RECEIVE 
COMMAND 


READ 


3 


TRANSMIT 
COMMAND 


READ 


4 


STATUS 


WRITE 


5 


DATA 


WRITE 


• 


DATA 


WRITE 


• 


DATA 


WRITE 


36 


DATA 


WRITE 



*reads command control code bits CB2-CB0 
**responsetime 
X = don't care 



TABLE 9 








COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


XXX2h 


READ* 


2 


RECEIVE 
COMMAND 


READ 


3 


DATA 


READ 


• 


DATA 


READ 


• 


DATA 


READ 


34 


DATA 


READ 



*reads command control code bits CB2-CB0 
** response time 
X = don't care 



THE FOLLOWING NOTE APPLIES TO THE CURRENT 
VERSION OF THE COM 1553B: 

When operating as a Bus Controller in a RT (Remote 
Terminal) to RT transfer, the COM1553B may incorrectly set 
the Invalid Sync Bit in the Error Register if the status word 
response from the receiving RT occurs between 4 and 7 
microseconds. 

The Bus Controller (BC) may confirm that an error free 
message transmission occurred by requesting that the 
receiving RT transmit the last status word. If this status word 
matches the previous status word, then an error-free trans- 
mission occurred. 



Remote Terminal Transaction (RT/BC input of the COM1553B set high) 



The following section addresses each COM1553B 
information transfer format from the Remote Terminal 
viewpoint. 

Bus Controller to Remote Terminal Transfer 
(BC to RT, where RT receives data) 

In this transfer the COM1553B designated as the RT 
receives a command to receive data. As the Command 
Word is completely shifted into the receive shift register, the 
RT compares the Command Word address field with the 
preloaded Remote Terminal address. This determines if the 
message is addressed to the receiving RT. If the Com mand 
Word is valid, the RT issues a Data Transfer Request (DTR) 
to initiate a memory cycle. Once the processor relinquishes 
control o f the data bus, during the Bus Acknowledge 
(BGACK) time, the Command Word is placed on the data 
bus. 



The Subaddress field is thereafter decoded by external 
logic and the Command word is written into external 
memory. The RTthen receives a predetermined number of 
Data Words (specified by the word count field). As each Data 
Word is received it Is written into external memory. After the 
reception of the last Data Word the RT transmits the Status 
Word, the Message Error, Broadcast Flag, Terminal Flag, 
Subsystem Flag, Busy, and Service Request bits are 
updated for all commands except for the Transmit Status 
Word and Transmit Last Command Code commands. While 
transmitting the Status, the RT writes it into memory. The 
RT also writes the Last Command Register, Error Register 
and Receive Register into memory and then asserts Mes- 
sage complete. 

Note that the receive register of the RT will contain the 
transmitted Status Word. 



60 



TABLE 11 
BC TO RT (RT receives data from BC) 







COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


COMMAND 


WRITE 


2 


DATA 


WRITE 


3 


DATA 


WRITE 


. 


• 


WRITE 


. . 


• 


WRITE 


32 


DATA 

** 


WRITE 


33 


STATUS 


WRITE 


34 


LAST 
COMMAND 


WRITE 


35 


ERROR 
REGISTER 


WRITE 


36 


RECEIVE 
REGISTER 


WRITE 



Remote Terminal-to-Bus Controller Transfer 
(RT transmits data to BC) 

The Remote Terminal receives a Transmit Command 
Word from the Bus Controller. The RT will then proceed to 
decode the Command Word, as in the previous case and 
within the response time transmits the Status Word. 

While the Status Word is being transmitted the RT issues 
a write memory cycle to write the Status Word into external 
memory. Thereafter, the Data words are read from memory 
and transmitted. After the last word is transmitted the RT 
writes the contents of the Last Command Register, Error 
Register and the Receive Register into memory. 



TABLE 12 

Remote Terminal to Bus Controller 

(RT Transmits Data to BC) 





' 


COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


COMMAND 
** 


WRITE 


2 


STATUS 


WRITE 


3 


DATA 


READ 


• 


DATA 


READ 


. 


DATA 


READ 


32 


DATA 


READ 


33 


LAST 
COMMAND 


WRITE 


34 


ERROR 
REGISTER 


WRITE 


35 


RECEIVE 
REGISTER 


WRITE 



** response time 



Remote Terminal-to-Remote Terminal Transfers 

From the Remote Terminal viewpoint, RT-to-RT trans- 
fers are similar to the RT to BC receive or transmit data 



transfers. The only exception is that the receiving terminal 
waits for the first Data Word from the transmitting terminal. 
This satisfies the protocol requirement that the transmitting 
terminal first send its status to the controller before it trans- 
mits the data to the receiving terminal. 

Mode Command with Data 

(RT receives a Mode Code Command to transmit) 

In this transfer, after the Transmit Mode Command is 
received, the RT transmits the Status and one Data Word. 



TABLE 13 







COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


COMMAND 
** 


WRITE 


2 


STATUS 


WRITE 


3 


DATA 


READ* 


4 


LAST 
COMMAND 


WRITE 


5 


ERROR 
REGISTER 


WRITE 


6 


RECEIVE 
REGISTER 


WRITE 




*For a Transmit Last command Mode Code, Data is not 
read from memory but transmitted from the internal Last 
Command register. 
** response time 

Mode Code Command with Data 

(RT receives a Mode Command to receive) 

This transfer is similar to a Receive Command having only 
one Data Word. 



TABLE 14 







COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


COMMAND 


WRITE 


2 


DATA 


WRITE 


3 


STATUS 


WRITE 


4 


LAST 
COMMAND 


WRITE 


5 


ERROR 
REGISTER 


WRITE 


6 


RECEIVE 
REGISTER 


WRITE 



** response time 



Bus Controller Broadcast Transfer to RT 

The RT receives a Broadcast Command to receive data. 
If data received during a broadcast message is invalid, the 
C0M1 553B will set the message error bit. 
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TABLE 15 
RT RECEIVE 







COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


COMMAND 


WRITE 


2 


DATA 


WRITE 


• 


DATA 


WRITE 


• 


DATA 


WRITE 


32 


DATA 


WRITE 


33 


STATUS 


WRITE* 


34 


LAST 
COMMAND 


WRITE 


35 


ERROR 
REGISTER 


WRITE 



*ln all broadcast transfers, a memory cycle is shown for the 
Status Word but the RT does not transmit it on the 1553B 
bus. 

Broadcast Mode Code Command with Data 

This Broadcast Mode Code command is detected if the 
MSB of the word count field is a logical high. 

Transmission of the Status Word is suppressed as in the 
previous case but is loaded into external memory. 



TABLE 16 
RT RECEIVE 







COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


COMMAND 


WRITE 


2 


DATA 


WRITE 


3 


STATUS 


WRITE* 


4 


LAST 
COMMAND 


WRITE 


5 


ERROR 
REGISTER 


WRITE 



Broadcast Mode Code Command Without Data 

This Mode Code command is detected if the MSB of 
the word count field is zero. This transaction is the same as 
the previous transfer except that there is no Data Word 
transfer. 



TABLE 17 







COM1553B 


MEMORY 


MEMORY 


MEMORY 


ADDRESS 


CONTENTS 


OPERATION 


1 


COMMAND 


WRITE 


2 


STATUS 


WRITE* 


3 


LAST 
COMMAND 


WRITE 


4 


ERROR 
REGISTER 


WRITE 



*ln all broadcast transfers, a memory cycle is shown for 
the Status Word but the RT does not transmit it on the 
1553Bbus. 

Broadcast RT to RT Transfer 

For this message transfer a Broadcast Command 
to receive is issued by the Bus Controller. This is followed 
by a normal Transmit Command to the transmitting Re- 
mote Terminal. The Remote Terminal responds with a nor- 
mal transmit message format of Status Word and Data 
Word(s). The receiving terminals do not transmit a Status 
Word after receiving the data. However, they do go through 
a memory cycle to load the Status Word into their respec- 
tive memories. 

For the Remote Terminal receive transfer refer to Table 
15. The only difference in this transfer is that there is a gap 
time between the Command and Data word. 

For the Remote Terminal transmit transfer refer to Table 
12. The only difference in this transfer is that the Receive 
Register is not written into memory. 



*ln all broadcast transfers, a memory cycle is shown for 
the Status Word but the RT does not transmit it on the 
1553Bbus. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range • - 55 to + 125°C 

Storage Temperature Range -55 to + 150°C 

Lead Temperature (soldering, lOseconds) ^ ■ +325°C 

Positive Voltage on any pin + 15V 

Negative Voltage on any pin except VBB, with respect to ground - .3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded Of device failurecan result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the ACppwer 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists, it is 
suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS Ta = -55 to 125°C, Vcc = 5.0V ±5%, Vpo = 12V ±5%, Vbb = -5V ±5% 




PARAMETER 



MIN 



TYP 



MAX 



UNITS 



COMMENTS 



V|L Input Low Voltage 

V|H Input High Voltage 

Vol Output Low Voltago 

VoH Output High Voltage 

II Input Leakage Current 

C|N Input Capacitance 

C„ Output Capacitance 

Cl Load Capacitance 

Pw Power Dissipation 



-0.3 
3 



2.4 



10 
10 
100 
0.8 



0.8 

Vcc 

0.4 

5 

10 

25 

15 

150 

40 

100 

5 



V 
V 
V 
V 
(jlA 
pf 
Pf 
pf 
W 
mA 
mA 
mA 



loL = -3.2 mA 
Uh = .8 mA 



T. = 25°C 



AC ELECTRICAL CHARACTERISTICS 



elk 

t, 

t, 

t, 

ta 

t3 
t4 

ts 
te 
tr 
ta 
to 
t,o 
t„ 

t,2 
t,3 
tl4 
tl5 

tia 

t,7 

t,a 

t,9 
l20 

ta, 

'■22 
^23 



PARAMETER 



clock frequency 
Clk, rise time 
Clk, fall ti me 
DTR and WE 
BGACKtoDTR 
WE to D ATA 
DTACK toWE 
DTACK toR/W 
DTACKtoC/D 



CSTR to C STRA 

CSTRA toCSTR 

CSJRA width 

C/D to DATA 

CMDtolM 

IM width 

VC width 

VCjo IM 

C/DtoMC 

C/DtolM 

C/DtoMC 

C/D to MC 

CMD to MCF reset 

CMDtoMCFset 

CMDtoVC 

C/D to MCF reset 

C/D to MCF set 

POR width 

Receive CMD to DTR 
Transmit CMD to DTR 



MIN 



TYP 



MAX 



UNITS 



COMMENTS 





12 




MHz 


50% duty cycle 




6 




ns 






6 




ns 




0.5 


0.6 


1 


JXS 




0.8 


1.3 
100 


2 


H-S 
ns 






1.5 
1 


2 
1.5 


|JlS 
[jlS 






1.5 


2.5 
673 

1.5 


(XS 

HLS 
jiS 






500 




ns 









3.25 

500 
1 
1.75 

700 
2.25 

750 
1.25 
3.75 
4.75 
2.75 
1.5 
1 


(XS 

ns 

|XS 

[IS 

ns 

|XS 

ns 

|jlS 

|XS 

(iS 
IXS 
[LS 




2.5 




4.25 
5.75 


|XS 
p,S 
^S 
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MANIN 



FIGURES: 
RECEIVER LOGIC WAVEFORMS 
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MANIN 
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ru 
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FIGURE 4: 
DRIVER LOGIC WAVEFORMS 



FIGURES: 
CONTIGUOUS WORD 
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^ 



2 |jlS 
MAX 
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RECEIVE 



CMD 1 
WD ■— 



\M^^\^\ 



I^t3,^ 



DTR 



TRANSMIT 



CMD 1 

WD ' — 



~vmn 



k«.*I 



DTR 



MODE CODE FLAG (MCF) 
AS ART 



MODE 
CMD WD 
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VC 



[l8[l9| P I [ 1 I NEXTCMd|i8|i9"[T] 



I — 1 



AS ABC 
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READ FROM MEMORY 
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POR 
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AC CHARACTERISTICS 



\ 



=r 



f-^-H 



KH 



^ 



y 



WRITE CYCLE 



"V 



"V 



-y^ 



I I 



•^i r 



READ CYCLE 



TRANSCEIVER/ 
TRANSFORMER 



^ 



COM1553B 



c 



CONTROL 



^ 



<^ 



DMA 
CONTROLLER 



JI 



f AD DR ESS J 



DATA 







DMA 
MEMORY 



C:^ 



% 



M68000 
MICRO- 
PROCESSOR 
SYSTEM 



TYPICAL SYSTEM IMPLEMENTATION 
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INVALID MESSAGE (IM) 
AS ART 



CASE1 




MESSAGE COMPLETE (MC) 
AS ART 

CASE 1 AT THE COMPLETION OF AN ERROR FREE BROAD- 
ERROR REGIsfiR 'ls"wRlfTEN'l'Nfo' MEMORY. 



Hh 



C/D 
MC 



TL 



CASE 2 



THE T/R BIT IN THE BROADCAST 
uMuiSSEl HIGH. 



BROADCAST WD 1 



8|l9[l 



VC 
IM 



CASES 



C/D 

IM 

MC 



CASE 4 



C/D 

IM 
MC 



.„HV 

rL_ 



AN ERROR OCCURRED DURING 
A BROADCAST CMD 



H I* 
JJI 



JL 



H H 



NON BROADCAST CMD 



CASE 2 AT THE COMPLETION OF A TRANSMIT OR RECEIVE 
COMMAND TRANSACTION AFTER THE DATA REG- 
ISTER IS WRITTEN INTO MEMORY. 



[""i 



il 



C/D 
MC 



il 



AS ABC 

CASE 3 WHEN THE BC ISSUES A RECEIVE COMMANDJHE 
MC SIGNAL OCCURS AFTER THE STATUS WORD IS 
WRITTEN INTO MEMORY 
OR 
WHEN THE BC ISSUES A TRANSMIT COMMAND, 
THE MC SIGNAL OCCURS AFTER THE LAST DATA 
WORD IS WRITTEN INTO MEMORY 



rn 




_J 


MC 




i n 




AS A BC OR RT 


M 



CASE 4 AT THE COMPLETION OF LOADING THE RT 
ADDRESS REGISTER OR 
READING THE DATA REGISTER. 



AS ABC 
CASE 5 A TRANSMIT OR RECEIVE BC TRANSFER 



C/D 
IM 

MC 



C/D 
MC 



JL 



i-*-t«-*i 



JL_ 



CASE 5 AFTER READING THE ERROR REGISTER. 



JL- 



C/D 
MC 



r 



P L 



NOTE: Mssss'^s conT^fete snd invalid m6SS3,Q8 outf^uts of 
the cSm 1553B are negative pulses i.e. MC and iM. 



STANDARD MICROSYSTEMS 

^35 Marcus Blvd., Hauppauge, N.Y. 11788 
(516)273-3100 • TWX-510-227-8898 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION .i^^^^ 



COM1671 

^IPC FAMILY 



Asynchronous/Synchronous Transmitter-Receiver 



ASTRO 



FEATURES 

n SYNCHRONOUS AND 
ASYNCHRONOUS 
Full Duplex Operations 
D SYNCHRONOUS MODE 

Selectable 5-8 Bit Characters 

Two Successive SYN Characters Sets 

Synchronization 
Programmable SYN and DLE Character 

Stripping 
Programmable SYN and DLE-SYN Fill 
D ASYNCHRONOUS MODE 
Selectable 5-8 Bit Characters 
Line Break Detection and Generation 
1-, V/2-, or 2-Stop Bit Selection 
Start Bit Verification 
Automatic Serial Echo Mode 
D BAUD RATE— DC TO 1M BAUD 
D 8 SELECTABLE CLOCK RATES 

Accepts 1 X Clock and Up To 4 Different 

32X Baud Rate Clock Inputs 
Up to 47% Distortion Allowance With 32X 
Clock 
D SYSTEM COMPATIBILITY 
Double Buffering of Data 
8-Bit Bi-Directional Bus For Data, Status, 

and Control Words 
All Inputs and Outputs TTL Compatible 
Up To 32 ASTROS Can Be Addressed 

On Bus 
On-Line Diagnostic Capability 
D ERROR DETECTION 

Parity, Overrun and Framing 



D 



D 



D 



PIN CONFIGURATION 



Vbb[ 


1 ^ 40b 


lACKII 


2 


38 ] 


CSC 


3 


38 ] 


wSc 


4 


37 3 


lACKOC 


5 


36 ] 


RPLYC 


6 


35 ] 


INTRC 


7 


34 ] 


DAL0C 


8 


33 ] 


6AL1C 


9 1 


1 32 1 


DAL2I: 


10 


31 I 


DAL3C 


11 


30 3 


DAL4C 


12' 


' 29 ] 


Cjalsc 


13 


28 ] 


(5S13C 


14 


27 ] 


bAL7C 


15 


26 ] 


(T3TR) C5c 


16 


25 ] 


iI57c 


17 


24 ] 


(mz) cEc 


18 


23 1 


MISCC 


19 


22 ] 


(Vss) GND[ 


20 


21 J 



Voo 
Rl 

5a (ffrs) 

BA (TSO) 
Cb (CT5) 
5B(ixT5) 

R4 
R3 
R2 
R1 

CC (DSR) 
BB (HSI) 
ID3 
ID4 
IDS 

J56 
Vcc 



COPLAMOS® n-Channel Silicon 

Gate Technology 

Pin for Pin replacement for 

Western Digital UC1671 and 

National INS 1671 

Baud Rate Clocks Generated by 

COM5036@1Xand 

COM5016-6@32X 

APPLICATIONS 

Synchronous Communications 
Asynchronous Compiunications 
Serial/Parallel Communications 



General Description 

The COM1671 (ASTRO) is a MOS/LSI device which performs the functions of interfacing a serial data communication 
channel to a parallel digital system. The device is capable of full duplex communications (receiving and transmitting) with 
synchronous or asynchronous systems. The ASTRO is designed to operate on a multiplexed bus with other bus-oriented 
devices. Its operation is programmed by a processor or controller via the bus and all parallel data transfers with these 
machines are accomplished over the bus lines. 

The ASTRO contains several "handshaking" signals to insure easy interfacing with modems or other peripheral devices 
such as display terminals. In addition, a programmable diagnostic mode allows the selection of an internal looping feature 
which allows the device to be internally connected for processor testing. 

The COM1671 provides the system communication designer with a software responsive device capable of handling 
complex communication formats in a variety of system applications. 
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Data Access Lines — The DAL bus is an 8-bit bi-directional port over which all address, data, control, and status 
transfers occur. In addition to transferring data and control words the DAL bus also transfers information 
related to addressing of the device, reading and writing requests, and interrupting information. 

Receiver Buffer — This 8-bit parallel register presents assembled received characters to the DAL bus when 
requested through a Read operation. 

Receiver Register — This 8-bit shift register inputs the received data at a clock rate determined by Control 
Register 2. The incoming data is assembled to the selected character length and then transferred to the 
Receiver Buffer with logic zeroes filling out any unused high-order bit positions. 

Syn Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the synchronization 
code used for receiver character synchronization. It serves as a fill character when no new data is available 
in the Transmitter Buffer during transmission. This register cannot be read onto the DAL bus. It must be loaded 
with logic zeroes in all unused high-order bits. 

Comparator — The 8-bit comparator is used in the Synchronous mode to compare the assembled contents of 
the Receiver Register and the SYN register or the DLE register. A match between the registers sets up 
stripping of the received character, when programmed, by preventing the data from being loaded into the 
Receiver Buffer. A bit in the Status Register is set when stripping is effected. The comparator output also enables 
character synchronization of the Receiver on two successive matches with the SYN register. 

DLE Register — This 8-bit register is loaded from the DAL bus by a Write operation and holds the DLE character 
used in the Transparent mode of operation in which an idle transmit period is filled with the combination 
DLE-SYN pair of characters rather than a single SYN character. In addition the ASTRO may be programmed to 
force a single DLE character prior to any data character transmission while in the transmitter transparent mode. 

Status Register — This 8-bit register holds information on communication errors, interface data register status, 
match character conditions, and communication equipment status. This register may be read onto the DAL bus 
by a Read operation. 

Control Registers — There are two 8-bit Control Registers which hold device programming signals such as mode 
selection, clock selection, interface signal control, and data format. Each of the Control Registers can be 
loaded from the DAL bus by a Write operation or read onto the DAL bus by a Read operation. The registers are 
cleared by a Master Reset. 

Transmitter Buffer — This 8-bit parallel register holds data transferred from the DAL bus by a Write operation. 
This data is transferred to the Transmitter Register when the transmitter section is enabled and the Transmitter 
Register is ready to send new data. 

Transmitter Register — This 8-bit shift register is loaded from the Transmitter Buffer, SYN register, or DLE 
register. The purpose of this register is to serialize data and present it to the serial data output. 
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Astro Operation 



Asynchronous Mode 

Framing of asynchronous characters Is provided by a Start bit (logic 0) at the beginning of a character 
and a Stop bit(s) (logic 1 ) at the end of a character. Reception of a character is initiated on recognition 
of the first Start bit by a positive transition of the receiver clocl<, after a preceding Stop bit(s). The Start 
and Stop bits are stripped off while assembling the serial input into a parallel character. 

The character assembly is completed by the reception of the Stop bit(s) after reception of the last 
character bit (including the parity bit, if selected). If the Stop bit(s) is a logic 1 , the character is 
determined to have correct framing and the ASTRO is prepared to receive the next character. If the Stop 
bit(s) is a logic 0, the Framing Error Status flag is set and the Receiver assumes this bit to be the Start 
bit of the next character. Character assembly continues from this point if the input is still a logic when 
sampled at the theoretical center of the assumed Start bit. As long as the Receiver input is spacing, all 
zero characters are assembled and error flags and data received interrupts are generated so that line 
breaks can be determined. After a character of all zeroes is assembled along with a zero in the Stop 
bit(s) location, the first sampled logic one is determined as a Stop bit and this resets the Receiver 
circuit to a Ready state for assembly of the next character. 

In the Asynchronous mode the character transmission occurs when information contained in the 
Transmitter Buffer is transferred to the Transmitter Register. Transmission is initiated by the insertion 
of a Start bit, followed by the serial output of the character (including the parity bit, if selected), then the 
insertion of a 1 , 1 .5, or 2 bit length Stop condition, if the Transmitter Buffer is full, the next character 
transmission starts after the transmission of the Stop bit(s) of the present character in the Transmitter 
Register. Otherwise, the Mark (logic 1) condition is continually transmitted until the Transmitter 
Buffer is loaded. 



Synchronous Mode 

Framing of characters is carried out by a special Synchronization Character Code (SYN) transmitted 
at the beginning of a block of characters. The Receiver, when enabled, searches for two contiguous 
characters matching the bit pattern contained in the SYN register. During the time the Receiver is 
searching, data is not transferred to the Receiver Buffer, status bits are not updated, and the Receiver 
interrupt is not activated. After the detection of the first SYN character, the Receiver assembles 
subsequent bits into characters whose length is determined by the contents of Control Register 2. If, 
after the first SYN character detection, a second SYN character is present, the Receiver enters the 
Synchronization mode until the Receiver Enable Bit is turned off. If a second successive SYN character 
is not found, the Receiver reverts back to the Search mode. 

In the Synchronous mode a continuous stream of characters are transmitted once the Transmitter 
is enabled. If the Transmitter Buffer is not loaded at the time the Transmitter Register has completed 
transmission of a character, this idle time will be filled by a transmission of the character contained in 
the SYN register in the Non-transparent mode, or the characters contained in the DLE and SYN registers 
respectively while in the Transparent mode of operation. 
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Astro Operation 
Receiver 

The Receiver Data input is clocl<ed into tfie Receiver Register by a IX Receiver Clock from a modem 
Data Set, or by a local 32X bit rate clock selected from one of four externally supplied clock-inputs. 
When using the IX clock, the Receiver Data is sampled on the positive transition of the clock in both 
the Asynchronous and Synchronous modes. When using a 32X clock in the Asynchronous mode, the 
Receiver Sampling Clock is phased to the Mark-To-Space transition of the Received Data Start bit and 
defines, through clock counts, the center of each received Data bit with + 0% , —3% at the positive 
transition 16 clock periods later. 

In the Synchronous mode the Sampling Clock is phased to all Mark-To-Space transitions of the 
Received Data inputs when using a 32X clock. Each transition of the data causes an incremental 
correction of the Sampling Check by 1 /32nd of a bit period. The Sampling clock can be immediately 
phased to every Mark-To-Space Data transition by setting Bit 4 of Control Register 1 to a logic one, 
while the Receiver is disabled. 

When the complete character has been shifted into the Receiver Register it is transferred to the 
Receiver Buffer; the unused, higher order bits are filled with logic zero's. At this time the Receiver 
Status bits (Framing Error/Sync Detect, Parity Error/DLE Detect, Overrun Error, and Data Received) 
are updated in the Status Register and the Data Received interrupt is activated. Parity Error Is set, if 
encountered while the Receiver parity check is enabled in the Control Registers. Overrun Error is 
set if the Data Received status bit is not cleared through a Read operation by an external device when 
a new character is transferred to the Receiver Buffer. This error flag indicates that a character has 
been lost; new data is lost while the old data and its status flags are saved. 

The characters assembled in the Receiver Register that match the content of the SYN or the 
DLE register are not loaded into the Receiver Buffer, and the DR interrupt is not generated, if Bit 3 of 
Control Register 2 (CR23) or Bit 4 of Control Register 1 (CR14) are set respectively, and SYN Detect and 
DLE Detect are set with the next non SYN or non DLE character. When both CR23 and CR14 are set 
(Transparent mode), the DLE-SYN combination is stripped. The SYN comparison occurs only with the 
character received after the DLE character. If two successive DLE characters are received only the 
first DLE character is stripped. No parity check is made while in this mode. 

Transmitter 

Information is transferred to the Transmitter Buffer by a Write operation. Information can be loaded 
into this register at any time, even when the Transmitter is not enabled. Transmi ssion of data oc curs 
only when the Request to Send bit is set to a logic 1 in Control Register 1 and the Clear To Send input is 
logic 0. Information is normally transferred from the Transmitter Buffer to the Transmitter Register 
when the latter has completed transmission of a character. However, information in the DLE register 
may be transferred prior to the information contained in the Transmitter Buffer if the Force DLE signal 
condition is enabled (Bits 5 and 6 of Control Register 1 set to a logic 1 ). The control bit CR15 must be 
set prior to loading of a new character in the Transmitter Buffer to insure forcing the DLE character 
prior to transmission of the data character. The Transmitter Register output passes through a flip-flop 
which delays the output by one clock period. When using the IX clock generated by the Modem Data 
Set, the output data changes state on the negative clock transition and the delay is one bit period. 
When using a local 32X clock the the transmitter section selects one of the four selected rate inputs and 
divides the clock down to the baud rate. This clock is phased to the Transmitter Buffer Empty Flag 
such that transmission of characters occurs within two clock times of the loading of the Transmitter 
Buffer, when the Transmitter Register is empty. 

When the Transmitter is enabled, a Transmitter interrupt is generated each time the Transmitter 
Buffer is empty. If the Transmitter Buffer is empty, when the Transmitter Register is ready for a new 
character, the Transmitter enters an idle state. During this idle time a logic 1 will be presented to the 
Transmitted Data output in the Asynchronous mode or the contents of the SYN register will be 
presented in the Synchronous Non-transparent mode (CR16 = 0). In the Synchronous Transmit 
Transparent mode (CR16 = 1 ), the idle state will be filled by DLE-SYN character transmission in that 
order. When entering the Transparent mode DLE must precede the contents of the Transmitter Buffer. 
This is accomplished by setting of Bit 5 of Control Register 1 . 

If the transmitter section is disabled by a reset of the Request to Send, any partially transmitted 
characte r is completed before the transmitter section of the ASTRO is disabled. As soon as the Clear 
To Send goes high the transmitted data output will go high. 

When the Transmitter parity is enabled, the selected Odd or Even parity bit is inserted into the last 
data bit of the character in place of the last bit of the Transmitter Register. This limits transfer of 
character information to a maximum of seven bits plus parity or eight bits without parity. Parity cannot 
be enabled in the Synchronous Transparency mode. 
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Input/Output Operations 

All Data Control andStatuswordsaretransferredovertheData Access Lines (DAL 0-7). Additional input 
lines provide controls for addressing a particular ASTRO, and regulating all input and output operations. Other 
lines provide interrupt capability to indicate to a Controller that an input operation is requested by the ASTRO. 
All input/output terminology below is referenced to the Controller so that a Read or input takes data from the 
ASTRO and places it on the DAL bus, while a Write or Output places data from the DAL bus mto the ASTRO. 

A Read or Write operati on is i nitiated by the placement of an eight-bit address on the DAL bus by the 
Controller. When the Chip Select signal goes to a logic state, the ASTRO compares Bits 7-3 of the DAL bus 
with its hard-wired ID code (Pins 17, 22, 24, 25, and 26) and becomes selected on a Match condition. The ASTRO 
then sets its RPLY line low to acknowledge its readjness to transfer data. Bit must be a logic in Read or 
Write operation. A setup time must exist between CS and the RE or WE signals to allow chip selection prior to 
read/write operations. 

Read 
Bits 2-0 of the address are used to select ASTRO registers to read from as follows: 

Bits 2-0 Selected Register 

000 Control Register 1 

010 Control Register 2 

100 Status Register 

110 Receiver Buffer 

When the Read Enable (RE) line is set to a logic condition by the Controller the ASTRO gates the contents 
of the addressed register o nto t he DAL bus. T he Read operation terminates, and the device becomes unselected, 
when both the Chip Select and Read Enable return to a logic 1 condition. Reading of the Receiver Buffer clears 
the Data Received Status bit. The data is removed from the DAL bus when the RE signal returns to the logic 
high state. 

Write 

Bits 2-0 of the address are used to select ASTRO registers to be written into as follows: 

Bits 2-0 Selected Register 

000 Control Register 1 

010 Control Register 2 

100 SYN and DLE Register 

110 Transmitter Buffer 

When the Write Enable (WE) line is set to a logic condition by the Controller the ASTRO gates the data 
from the DAL bus into the addressed register. If data is written into the Transmitter Buffer, the TBMT Status bit 
is cleared to a logic zero. . . • • 

The 1 00 address loads both the SYN and DLE registers. After writing into the SYN register the device is 
conditioned to write into the DLE if followed by another Write pulse with the 1 00 address. Any intervening 
Read or Write operation with other addresses or other ASTROs resets this condition such that the next 100 will 
address the SYN register. 

interrupts 
The following conditions generate interrupts: 

Data Received (DR) 
Indicates transfer of a new character to the Receiver Buffer while the Receiver is enabled. 

Transmitter Buffer Empty (TBMT) 
Indicates that the Transmitter Buffer is empty while the Transmitter is enabled. The first interrupt occurs when 
the Transmitter becomes enabled if there is an empty Transmitter Buffer, or after the character is transferred 
to the Transmitter Register making the Transmitter Buffer empty. 

Carrier On 

Indicates Carrier Detector input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 

Carrier Off ^ ... 

Indicates Carrier Detector input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 

Data Set Ready On , v ,. u 

Indicates the Data Set Ready input goes low and the Data Terminal Ready (DTR) bit (CR10) is high. 

Data Set Ready Off 
Indicates the Data Set Ready input goes high and the Data Terminal Ready (DTR) bit (CR10) is high. 

Ring On 

Indicates the Ring Indicator input goes low an d the D ata Terminal Ready (DTR) bit (CR10) is low. 

Each time an interrupt condition exists the INTR output from the ASTRO is made a logic low. The following 
interrupt procedure is then carried out even if the interrupt condition is removed. 

The Controller acknowl edges the Interrupt request by setting the Chip Select (^ and the Interrupt 
Acknowledge Input (lAC KI) to the ASTRO to a low state. On this transition all non-interrupting devices receiving 

the lACKl signal set their Interrupt Acknowledge Output (lACKO) low, enabling lower priority daisy-chaine^ 

devices to respond to the interrupt request. The highest priority device that is interrupting_will then set its RPLY 
line low. This device will place its ID code on Bit Positions 7-3 of th e DAL bus when a low RE signal is received. 
The data is removed fr om the DAL bus when the Re ad Ena ble (RE) signal returns to the logic one state. To reset 
the Interrupt condition (INTR) Chip Select (CS) and lACKl must be received by the ASTRO. 
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Pin No. Symbol 



Description of Pin Functions 
Pin Name I/O Function 



1 
21 
40 
20 



POWER SUPPLY 
POWER SUPPLY 
POWER SUPPLY 
GROUND 



PS - 5 Volts 

PS +5 Volts 

PS +12 Volts 

GND Ground 



MR 



MASTER RESET 



The Control and Status Registers and other controls 
are cleared when this input is low. 



8- 


DALO- 


DATA ACCESS 


15 


DAL7 
ID7 




17 


SELECT CODE 


22 


ID6 




24 


ID5 




25 


ID4 




26 


IDS 





CS CHIP SELECT 



I/O Eight-bit bi-directional bus used for transfer of data, 
control status, and address information. 

I Five input pins which when hard-wired assign the 

I device a unique identification code used to select 

I the device when addressing and used as an 

I identification when responding to interrupts. 



The low logic transition of CS identifies a valid 
address on the DAL bus during Read and Write 
operations. 
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RE READ ENABLE 



This input, when low, gates the contents of the 
addressed register from a selected ASTRO onto 
the DAL bus. 



WE WRITE ENABLE I 



This input, when low, gates the contents of the DAL 
bus into the addressed register of a selected 
ASTRO. 



INTR INTERRUPT 



This open drain output, to facilitate WIRE-ORIng, 
goes low when any interrupt conditions 
occur. 



lACKI INTERRUPT 



ACKNOWLEDGE IN 



When the Controller (determining the interrupting 
ASTRO) makes this input low, the ASTRO places 
its ID code on the DAL bus and s ets rep ly low if it is 
interrupting, otherwise it makes lACKO a low. 



lACKO INTERRUPT 



ACKNOWLEDGE OUT 



This output goes low in response to a low lACKI if 
the ASTRO is not the interrupting device. 



RPLY REPLY 



This open drain output, to facilitate WIRE-ORing, 
goes low when the ASTRO is responding to being 
selected by an address on the DAL bus or in 
affirming that it is the interrupting source. 
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Description of Pin Functions 
Pin No. Symbol Pin Name I/O Function 



30 


R1 


CLOCK RATES 


31 


R2 




32 


R3 




33 


R4 





These four inputs accept four different local 32X 
data rate Transmit and Receive clocks. The input on 
R4 may be divided down into a 32X clock from a 
32X, 64X, 128X, or256X clock input. The clock used 
in the ASTRO is selected by bits 0-2 of Control 
Regtster2. 
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BA 



TRANSMITTED DATA O 



This output is the transmitted serial data from the 
ASTRO. This output is held in a IVIarking condition 
when the transmitter section is not enabled. 



27 BB RECEIVED DATA I 



This input receives serial data into the ASTRO. 



38 CA REQUEST TO SEND O 



This output is enabled by bit 1 of Control Register 1 
and remains in a low state during transmitted data 
from the ASTRO. 



36 CB CLEAR TO SEND I 



This input, when low, enables the transmitter 
section of the ASTRO. 



28 CC DATA SET READY I 



This input generates an interrupt when going ON or 
OFF while the Data Terminal Ready signal is ON. 
It appears as bit 6 in the Status Register. 



16 CD 



DATA TERIVIINAL 



READY 



This output is generated by bit in Control Register 
1 and indicates Controller readiness. 



18 CE 



RING INDICATOR 



This input from the Data Set generates an interrupt 
when made low with Data Terminal Ready in the 
OFF condition. 



29 CF 



CARRIER DETECTOR 



This input from the Data Set generates an interrupt 
when going ON or OFF if Data Terminal Ready is 
ON. It appears as bit 5 in the Status Register. 



35 DB 



TRANSMITTER 



TIMING 



This input is the Transmitter 1 X Data Rate Clock. 
Its use is selected by bits 0-2 of Control Register 2. 
The transmitted data changes on the negative 
transition of this signal. 



34 DD RECEIVER TIMING I 



This input is the Receiver 1 X Data Rate Clock. Its 
use is selected by bits 0-2 of Control Register 2. The 
Received Data is sampled by the ASTRO on the 
positive transition of this signal. 



19 MISC MISCELLANEOUS O 



This output is controlled by bits 4 and 5 of Control 
Register 1 and is used as an extra programmable 
signal. 
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Device Programming 

The two 8-bit Control Registers of the ASTRO determine the operative conditions of the ASTRO chip. 

Control Register 1 



SYNC/ASYNC 



- LOOP 

MODE 

1 - NORMAL 

MODE 



- NONBREAK 

MODE 
' BREAK MODE 



- TRANSMITTER 
NON TRANS- 
PARENT MODE 

- TRANS MIHER 
TRANSPARENT 
MODE 



ASYNC (TRANS. ENABLED) 



O-IV2 or 2 STOP BIT 

SELECTION 
1 - SINGLE STOP BIT 

SELECTION 

ASYNC (TRANS. DISABLED) 



0-RTSC0UT = 1 
1 -MiSEOUT = 



SYNC(CR16 = 0) 



- NO PARITY 

GENERATED 

1 -TRANSMIT PARITY 

ENABLED 

SYNC (CR16 = 1) 



SYNC (CR1 2 = 1) 

0- OLE STRIPPING 
NOT ENABLED 

1 - OLE STRIPPING 
ENABLED 

SYNC (CR1 2 = 0) 

0-mSC0UT = 1 

1 -sns5ouT = o 



- NO PARITY ENABLED 

1 -PARITY CHECK 

ENABLED ON 
RECEIVER AND 
PARITY GENERATION 
ENABLED ON 
TRANSMITTER 

SYNC 

- RECEIVER PARITY 

CHECK IS DISABLED 

1 - RECEIVER PARITY 

CHECK IS ENABLED 



SYNC/ASYNC 



■ RECEIVER 
DISABLED 

■ RECEIVER 
ENABLED 



• SETS RTS 
OUT=J_ 

■ SETS RTS 
OUT = 



- SETS DTR 

OUT=J_ 

1 - SETS DTR 

OUT = 



BitO 

Controls the Data Terminal Ready output on Pin 16 to control the CD circuit of the Data Set. 

A logic 1 enables the Carrier and Data Set Ready interrupts. A logic enables only the telephone line 

Ring interrupt. The DTR output is inverted from the state of CR1 0. 



Bit1 

Controls the Request to Send output on Pin 38 to control the CA circui t of the Data S et. The RTS output 
is inverted from the state of CR1 1 . A logic 1 combined with a low logic Clear to Send input enables 
the Transmitter and allows TBMT inte rrupts to be generated. A logic disables the Transmitter and 
turns off the external Request to Send signal. Any character in t he Transmitter Re gister will be 
completely transmitted before the Transmitter is turned off. The Request to Send output may be used 
for other functions such as Make Busy on 1 03 Data Sets. 



Bit 2 

A logic 1 enables the ASTRO to receive data into the Receiver Buffer, update Receiver Status 

Bits 1 . 2, 3, and 4, and to generate Data Received interrupts. A logic disables the Receiver and clears 

the Receiver Status bits. 

Bits 

Asynchronous IMode 

A logic 1 enables check of parity on received characters and generation of parity for transmitted 
characters. 

Synchronous IMode 

A logic 1 bit enables check of parity on received characters only. Note: Transmitter parity enable is 
controlled by CR15. 
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Asynchronous Mode 

A logic 1 enables the Automatic Echo mode when the receiver section is enabled. In this 
mode the clocked regenerated data is presented to the Transmitter Data output in place of normal 
transmission through the Transmitter Register. This serial method of echoing does not present any 
abnormal restrictions on the transmit speed of the terminal. Only the first character of a Break 
condition of all zeroes (null character) is echoed when a Line Break condition is detected. For all 
subsequent null characters, with logic zero Stop bits, a steady Marking condition is transmitted until 
normal character reception resumes. Echoing does not start until a character has been received and the 
Transmitter isidle, The Transmilter does not have to be enab l e d during tl^ Ecb© mode . 

Synchronous Mode 

A logic 1 , with the Receiver enabled does not allow assembled Receiver data matching the DLE 
register contents to be transferred to the Receiver Buffer; also, parity checking is disabled. 
When the Receiver is not enabled this bit controls the Miscellaneous output on Pin 19, which may be 
used for New Sync on a 201 Data Set. When operating with a 32X clock and a disabled Receiver, a logic 
1 on this bit also causes the Receiver timing to synchronize on Mark-To-Space transitions. 

Bits 

Asynchronous Mode 

A logic 1 , with the Transmitter enabled, causes a single Stop bit to be transmitted. A logic causes 

transmission of 2 stop bits for character lengths of 6, 7, or 8 bits and one-and-a-half Stop bits for a 

character length of 5 bits. 

With the Transmitter disabled this bit controls the Miscellaneous output on Pin 19, which may be used 

for Make Busy on 103 Data Sets, Secondary Transmit on 202 Data Sets, or dialing on CBS Data Couplers. 

Synchronous Mode 

A logic 1 combined with a logic on Bit 6 of Control Register 1 enables Transmit parity; if CR1 5=0 or 
CR16=1 no parity is generated. When set to a logic 1 with Bit 6 also a logic 1, the contents of the DLE 
register are transmitted prior to the next character loaded in the Transmitter Buffer as part of the 
Transmitter Transparent mode. 

Asynchronous Mode 

A logic 1 holds the Transmitted Data output in a Spacing (Logic 0) condition, starting at the end of any 
current transmitted character, when the Transmitter is enabled. Normal Transmitter timing continues 
so that this Break condition can be timed out after the loading of new characters into the Transmitter Buffer. 

Synchronous Mode 

A logic 1 conditions the Transmitter to a transparent transmission which implies that idle transmitter 
time will be filled by DLE-SYN character transmission and a DLE character can be forced ahead of any 
character in the Transmitter Buffer (Bit 5 above). When forcing DLE transmission. Bit 5 should be set to 
a logic 1 prior to loading the Transmitter Buffer, otherwise the character in the latter register may be 
transferred to the Transmitter Register prior to sending the DLE character. 

Bit7 

A logicO configures the ASTRO Into an Internal Data and Control Loop mode and disables the 
Ring interrupt. In this diagnostic mode the following loops are connected internally: 

a. The Transmit Data Is connected to the Receive Data with the BA pin held in a Mark condition and 
the input to the BB pin disregarded. 

b. With a IX clock selected, the Transmitter Clock also becomes the Receive Clock. 



c. Th e Data Terminal Ready (DJR) Control bit is connected to the Data Set Ready (DSR) in put, w ith 
the Data Terminal Ready (DSR) output pin held in an OFF condition (logic high), and the 0§k input 
pin is disregarded. 

d. The Request to Send Control bit i s conn ected to the Clear To Send (CTS) and Carrier Detector ( OF) 
inpu ts, with the Requ est To Send (RTS) output pin held in an OFF condition (logic high), and the CTS 
and Carrier Detector input pins are disregarded. 



e. The Miscellaneous pin is held in an OFF (logic high) condition. 

A logic 1 on Bit 7 enables the Ring interrupt and returns the ASTRO to the normal full duplex 
configuration. 
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Control Register 2 

Gontrc! Rs^iSter 2 unlike Contro! R?0!St?r ■• C?.Pnot h^ r.hanneid at any timfi. This registfir should be 

changed only while both the receiver and transmitter sections of the ASTRO are in the idle state. 



BIT 7 6 


5 


4 


3 


2 1 


SYNC/ASYNC 

CHARACTER LENGTH SELECT 

00-8 BITS 
01 -7 BITS 
10-6 BITS 
11 -5 BITS 


MODE SELECT 

- ASYNCHRONOUS 

MODE 

1 - SYNCHRONOUS 

MODE 


SYNC/ASYNC 

- EVEN PARITY 

SELECT 

1 -ODD PARITY 

SELECT 


ASYNC 

0- RECEIVER CLK- 

RATE1 
1 - RECEIVER CLOCK 

DETERMINED BY 

BITS 2-0 

SYNC (CR1 6-0) 

- NO SYN STRIP 

1 - SYN STRIP 

SYNC(CR16-1) 

0- NO DLE-SYN STRIP 
1 - DLE-SYN STRIP 


SYNC/ASYNC 
CLOCK SELECT 

000 - IX CLOCK 

001 - RATE 1 CLOCK 
010 - RATE 2 CLOCK 
011 -RATE 3 CLOCK 
100 -RATE 4 CLOCK 

101 - RATE 4 CLOCK - 2 
110 -RATE 4 CLOCK -f- 4 
111 -RATE 4 CLOCK ^ 8 



Bits 0-2 

These bits select the Transmit and Receive clocl<s. 



Bits 


Clock Source 


2 1 


Tx Rx 





1X Clock (Pin 35) IX Clock (Pin 34) 


1 


Rate1 32X clock (Pin 30) 


1 


Rate 2 32X clock (Pin 31) * 


1 1 


Rates 32X clock (Pin 32) * 


1 


Rate 4 32X clock (Pin 33) * ■ 


1 1 


Rate 4 32X clock (Pin 33) (-^ 2) *t 


1 1 


Rate 4 32X clock (Pin 33) (^4) *t 


1 1 1 


Rate 4 32X clock (Pin 33) (4-8) *t 



NOTES: 

*Rx clock is modified by bit 3 in the asynchronous mode. 

tRate4 is internally dividable so that the required 32X clock may be derived from an applied 64X, 128X, or256X clock 
which may be available. 

Bits 3 

Asynchronous Mode 

A logic selects the Rate 1 32X clock input (Pin 30) as the Receiver clock rate and a logic 1 selects the 
same clock rate for the Receiver as selected by Bits 2-0 for the Transmitter. This bit must be a logic 1 
for the 1 X clock selection by Bits 2-0. 

Synchronous Mode 
A logic 1 causes all DLE-SYN combination characters in the Transparent mode when DLE strip (CR14) 
is a logic 1 , or all SYN characters in the Non-transparent mode to be stripped out and no Data Received 
interrupt to be generated. The SYN Detect status bit is set with reception of the next assembled 
character as is transferred to the Receiver Buffer. 

Bit 4 

A logic 1 selects odd parity and a logic selects even parity, when parity is enabled by CR1 3 
and/or CR15. 

Bits 

A logic 1 selects the Synchronous Character mode. A logic selects the Asynchronous Character mode. 

Bits 6-7 

These bits select the full character length (including parity, if selected) as shown above. When parity is 
enabled it must be considered as a bit when making character length selection (5 bits plus parity = 6 bits). 
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status Register 

The data contained in the Status Register define Receiver and Transmitter data conditions and 
status of the Data Set. 



7 


6 


5 


4 


3 


2 


1 





• Data 


• Data 


• Carrier 


• Framing 


• DLE 


• Overrun 


• Data 


• Transmitter 


Set 


Set 


Detector 


Error 


Detect 


Error 


Received 


Buffer 


Change 


Ready 




• Syn 


• Parity 




(OR) 


Empty 




(DSR) 




Detect 


Error 






(TBMT) 



BItO 

A logic 1 indicates that the Transmitter Buffer may be loaded with new data. It is set to a logic 1 

when the contents of the Transmitter Buffer is transferred to the Transmitter Register. It is cleared when 

the Transmitter Buffer is loaded from the DAL bus, or when the Transmitter is disabled. 

Bit1 

A logic 1 indicates that an entire character has been received and transferred into the Receiver 
Buffer. It is cleared when the Receiver Buffer is read onto the DAL bus, or the Receiver is disabled. 

Bit 2 

A logic 1 indicates an Overrun error which occurs if the previous character in the Receiver 
Buffer has not been read and Data Received is not reset, at the time a new character is to be transferred 
to the Receiver Buffer. This bit is cleared when no Overrun condition is detected (the next character 
transfer time) or when the Receiver is disabled. 

Bits 

When the DLE Strip is enabled (CR1 4) the Receiver parity check is disabled and this bit is set to a logic 1 
if the previous character to the presently assembled character matched the contents of the DLE 
register; otherwise it is cleared. The DLE DET remains for one character time and is reset on the next 
character transfer or on a Status Register Read. If DLE Strip is not enabled this bit is set to a logic 1 
when the Receiver is enabled, Receiver parity (CR1 3) is also enabled, and the last received character 
has a Parity error. A logic on this bit indicates correct parity. This bit is cleared in both modes when 
the Receiver is disabled. 

Bit 4 

Asynchronous IVIode 

A logic 1 indicates that the received data did not have a valid stop bit, while the Receiver was enabled, 

which indicates a Framing error. This bit is set to a logic if the stop bit (logic 1 ) was detected. 



Synchronous IMode 

A logic 1 indicates that the contents of the Receiver Register matches the contents of the SYN Register. 
The condition of this bit remains for a full character assembly time. If SYN strip (CR23) is enabled this 
status bit is updated with the character received after the SYN character. 

In both modes the bit is cleared when the Receiver is disabled. 

Bits 



This bit is the logic complement of the Carrier Detector input on Pin 29. 

Bite 

This bit is the logic complement of the Data Set Ready input on Pin 28. With 202-type Data Sets 
it can be used for Secondary Receive. 

Bit? 



This bit is set to a logic 1 whenever there is a change in stat e of the Data S et Ready or Carrier Detector 
inputs while Data Terminal Ready (CR1 0) is a logic 1 or the Ring Indicator is turned ON, with DTR a 
logic 0. This bit is cleared when the Status Register is read onto the DAL bus. 
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Flow Chart Transmitter Operations 
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I COUNT I 

I THROUGH TRANS ) 

( ........ > 

I PRESETBITCOUNT I 



TRANSMI TTCR SECTION lASVNCHRONOUSI 



SECTION (SYNCHRONOUS) 



Flow Chart Receiver Operations 
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READ 



RPLY 



ADDRESS 




WRITE 



CS 



WE 



RPLY 



kS |-«-j Tah -»- 



-Tawe- 



— -TWECSH -^ 



Tds 



-TWE- 



.^ 



Tdh 



ITWECS.^ 



-Tarl- 



Y^- ICSRLF-^I 



INTERRUPT 



'^ / / //INVALID ADDRESS CODI ' 



^^n^zy^^. 




lACKO 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range OJC to + 70°C 

Storage Temperature Range -55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +1 8.0V 

Negative Voltage on any Pin, with respect to ground —0.3V 

•Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

(TA = 0°Cto70°C,Vcc= +5V ±5%, Vdd= + 1 2V ± 5% , V^b = -5V ±5%, Vss=OV, unless otherwise noted) 



Parameter 



D.C. Characteristics 

INPUT VOLTAGE LEVELS 

Low Level, V,,. 

High Level, V|h 

OUTPUT VOLTAGE LEVELS 

Low Level, Vql 

High Level, VoH 
INPUT LEAKAGE 

Data Bus 

All others 
POWER SUPPLY CURRENT 



Min 



Typ. 



Max. 



Unit 



2.4 



2.4 



A.C. Characteristics 




CLOCK-RCP, TCP 




frequency 






DAL Bus 






Tas 


Address Set-Up Time 





Tah 


Address Hold Time 


150 


Tarl 


Address to RPLY Delay 




Tcs 


OS Width 


250 


TcSRLF 


OS to Reply OFF Relay 





Read 






Tare 


Address and RE Spacing 


250 


Trecsh 


RE and OS Overlap 


20 


Trecs 


RE to OS Spacing 


250 


Tred 


RE to Data Out Delay 




Write 






Tawe 


Address to WE Spacing 


250 


TwECSH 


WE and OS Overlap 


20 


TwE 


WE Width 


200 


Tds 


Data Set-Up Time 


150 




Data Hold Time 


100 


TwECS 


WE to OS Spacing 


250 


Interrupt 






Tcs. 


CStolACKIDelay 





TcSRE 


OS to RE Delay 


250 


Tcsreh 


CS and RE Overlap 


20 


Trecs 


RE to OS Spacing 


250 


Tp, 


lACKI Pulse Width 


200 


T|aD 


lACKI to Valid ID Code Delay 




Tred 


RE OFF to DAL Open Delay 




T|ARL 


lACKI to RPLY Delay 




TcSRLF 


CS to RPLY OFF Delay 





T„ 


lACKI to lACKO Delay 




Trei 


RE OFF to lACKO OFF Delay 





1.0 



MHz 



Comments 





0.8 


V 
V 




0.4 




V 


loL = 1-6ma 
loH = 100/xa 


5.0 


10.0 


^a 


0^V„,^5v 


5.0 


10.0 


/xa 


V,N=+12v 




80.0 


ma 






10.0 


ma 






1.0 


ma 


Ta = 25°C 





ns 






ns 




400 


ns 
ns 




250 


ns 

ns 
ns 
ns 


Ri. = 2.7Kn 


180 


ns 

ns 
ns 


CL = 20pf 


1000 


ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 




250 


ns 


See Note 1. 


180 


ns 




250 


ns 


See Note 1, 


250 


ns 


Rl = 2.7Kq 


200 


ns 




250 


ns 





Note 1 : If RE goes low after lACKI goes low, the delay will be from the falling edge of RE. 
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Multiple ASTRO System in Daisy-Chain Configuration 



00 



3 CD " =-■ c 

O 03<Q.O 



COMMUNICATION 
CONTROLLER 



CONTROL BUS 



7^ 



iz 




MODEM 



. SERIAL 
CHANNEL 

= 



COM 1671 
ASTRO «0 



IfJTR 



C5 



• • • • 



7^ 



XZ 




MODEM 
= N 



SERIAL 

CHANNEL 

iN 



COM 1671 
ASTRO #N 



HFC? 



C5 



0:SN^31 

• = Wire- Or 



STANDARD MICROSYSTEMS 
CORPORATION^ 




COM 1863 
COM 8018 

/^PC FAMILY 



Universal Asynchronous Receiver/Transmitter 

UART 



FEATURES 

n Compatible with TR1863 timing 

D High accuracy 32X clock mode: 48.4375% Receiver Distortion 

Immunity and improved RDA/ROR operation (COM 8018 only) 
D High Speed Operation— 62.5K baud, 200ns strobes 
D Single +5V Power Supply 

D Direct TTL Compatibility— no interfacing circuits required 
D Input pull-up options: COM 8018 has low current pull-up 

resistors; COM 1863 has no pull up resistors 

D Full or Half Duplex Operation— can receive and transmit 
simultaneously at different baud rates 

D Fully Double Buffered— eliminates need for precise external 

timing 
D Improved Start Bit Verification— decreases error rate 
D 46.875% Receiver Distortion Immunity 
D Fully Programmable— data word length; parity mode; number 

of stop bits: one, one and one-half, or two 
D Master Reset— Resets all status outputs and Receiver Buffer 

Register 
n Three State Outputs— bus structure oriented 
D Low Power— minimum power requirements 
D Input Protected— eliminates handling problems 
D Ceramic or Plastic DIP Package— easy board insertion 
D Baud Rates available from SMC's COM 8046, COM 8116, 

COM 8126, COM 8136, COM 8146 baud rate generators 



GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is an 
MOS/LSl monolithic circuitthatperformsall the receiving and 
transmitting functions associated with asynchronous data 
communications. This circuit is fabricated using SMC's 
patented COPLAMOS® technology and employs depletion 
mode loads, allowing operation from a single +5V supply The 
duplex mode, baud rate, data word length, parity mode, and 
number of stop bits are independently programmable through 
the use of external controls. There may be 5, 6, 7, or 8 data 
bits, odd/even or no parity, and 1 or 2 stop bits or 1 .5 stop bits 
when utilizing a 5-bit code. These programmable features 
provide the user with the ability to interface with all 
asynchronous peripherals. 



*lf pin 2 is taken to a logic 1 the COM 8018 will operate in a high 
accuracy mode. If pin 2 is connected to - 12V, GND, a valid logic 
zero, or left unconnected, the high accuracy feature is disabled, 
and the UART will operate in a 16X clock mode. Pin 2 is not con- 
nected on the COM 1863. 
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PIR CONFIGURATION 
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vdd c 


1 40 2 TCP 1 


•HIACC C 


2 39 


3 POE 


Gnd [ 


3 38 


2 NDB1 


RDE [_ 


4 37 


2 NDB2 


RD8 C 


5 36 


3 NSB 


RD7 C 


6 35 


P NPB 


RD6 Z 


7 34 


J CS 


RD5 C 


8 33 


2 TD8 


RD4 C 
RD3 [ 


9 ■>'' 


] TD7 
] TD6 


10 




31 


RD2 C 


11 




30 


] TD5 


RD1 [ 
RPE L 


12 




9Q 


2 TD4 
2 TD3 


13 28 


RFE C 


14 27 


2 TD2 


ROR C 


15 26 


H TD1 


SWE C 


16 25 


2 TSO 


RCP C 


17 24 


] TEQC 


RDAR C 18 23 


J TDS 


RDA C 19 22 


11 TBMT 


RSI C 20 21 


2 MR 


PACKAGE: 40-Pin 


D.I.R 



FUNCTIONAL BLOCK DIAGRAM 

TD1 TD2 TDS TD4 TDS TD6 TD7 TDS 



TCP 
CSf 



H 



31 32 33 



TRANSMITTER BUFFER REGISTER 



:2^ 



TRANSMITTER 

SHIFT 

REGISTER 



n 



TIMING AND CONTROL TRANSMITTER 



NPBf 

NSBf 
NDB2i 
NDBli 

POE| 



31 



CONTROL 
REGISTER 
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STATUS 
WORD 
BUFFER 
REGISTER 



RCPf 
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TIMING AND CONTROL RECEIVER 



H 



RECEIVER 

SHIFT 

REGISTER 



H 



RECEIVER BUFFER REGISTER 



10 



12 



TSO 



TEOC 



SWE 

TBMT 

RPE 

RFE 

ROR 

RDA 



RDAR 



Vdd 

HIACC 

Gnd 



RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 



DESCRIPTION OF OPERATION — TRANSMITTER 



At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
applied, and master reset is pulsed. Under these 
conditions TBMT, TEGC, and ISO are all at a high 
level (the line is marking). 

»»iicn I oivi I anCi TECC are iiiyii, iiie uontroi bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as minimum pulse width specifications 
are not violated, TOS and CS mayoccur simulta- 
neously. Once the data strobe (TUB) has been 
pulsed, the TBMT signal goes lovv, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 

If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 



commences. TEOC goes low, TSO goes low (the 
start bit), and TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 



^<N... ^^i 



If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowand remains inthisstate 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in speed of transmission. This 
Is an advantage of double buffering. 
Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 



TRANSMITTER BLOCK DIAGRAM 



ODD/EVEN 
PARITY SELECT 



NO NUMBER 
PARITY STOP BITS 

i L_ 



1 1 



CONTROL BITS HOLDING REGISTER 



TO 
RECEIVER 



TIMING GENERATOR 



DB8 DB7 DB6 DBS DB4 DB3 DB2 DB1 

X 1 1 1 1 1 1 1 



DATA BITS HOLDING REGISTER 
BUFFER 



STEERING LOGIC 



DATA STROBE 



TRANSMITTER 
■ BUFFER 
EMPTY 



PARITY BIT GENERATION LOGIC 



OUTPUT 
LOGIC 



DESCRIPTION OF OPERATION — RECEIVER 



At start-up the power is turned on, a clock whose 
frequency is 16 or 32 times the desired baud rate is 
applied and master reset is pulsed. The data 
available (RDA) signal is now low. There is one set 
of control bits for both the receiver and transmitter. 

Data reception begins when the serial input line 
transitions for mark (high) to space (low). If the 
RSI line remains spacing for 15/32 to 17/32 bit 
times (in the 16X mode, HiACC = 0) or 31/64 to 



33/64 bit times (in the 32X mode, HIACC = 1), a 
genuine start bit is verified. Should the line return 
to a marking condition prior to a 1/2 bit time, the 
start bit verification process begins again. A mark 
to space transition must occur in order to initiate 
start bit verification. Once a start bit has been 
verified, data reception proceeds in an orderly 
manner: start bit verified and received, data bits 
received, parity bit received (if selected) and the 
stop bit(s) received. 
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If the received parity bit is incorrect, the parity 
error flip-flop of the status word buffer register is 
set high, indicating a parity error. However, if the 
no parity mode is selected, the parity error flip- 
flop is unconditionally held low, inhibiting a parity 
error indication. If a stop bit is not received, the 
framingerrorflip-flopisset high, indicating a fra- 
ming error. 

On the negative RCP edge preceding the stop-bit 
center sample, internal logic looks at the data 
available (RDA) signal. If. at th is instant, the RDA 
signal is high, or the RDAR signal is low, the 



receiver assumes that the previously received 
character has not been read out and the over-run 
flip-flop is set high. The only way the receiver is 
aware that data has been read out is by having the 
data available reset low. 

Subsequently the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time Is available to 
remove the received character. 



RECEIVER BLOCK DIAGRAM 



RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 

T t T T t T T T 



FRAMING 
ERROR 
OVER RUN T PARITY ERROR 
KTA t ■f TRANSMITTER 

3LE 4. + BUFFER EMPTY 




START BIT I J PARITY BIT 

VERIFICATION ' CHECKING LOGIC 



TIMING GENERATOR 



PIN NO 



5-12 



13 



14 



SYMBOL 



Vdd 



HIACC 



GND 



RDE 



RD8-RD1 



RPE 



RFE 



DESCRIPTION OF PIN FUNCTIONS 



NAME 



Power Supply 



High Accuracy 
Mode 



Ground 



Received Data 
Enable 



Receiver Data 
Outputs 



Receiver Parity 
Error 



Receiver Framing 
Error 



FUNCTION 



+5 volt Supply 



Enables 32X clock and improved RDA/ROR operation. 
See NOTE on high accuracy mode. 



Ground 



A low-level input enables the outputs (RD8-RD1 ) of the 
receiver buffer register. 



These are the eight 3-state data outputs enabled by RDE. 
Unused data output lines, as selected by NDB1 and NDB2 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 



This 3-state output (enabled by SWE) is at a high-level if 
the received character parity bit does not agree with the 
selected parity. 



This 3-state output (enabled by SWE) is at a high-level if 
the received character has no valid stop bit. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. SYMBOL 



15 



16 



17 



18 



19 



ROR 



SWE 



RCP 



RDAR 



RDA 



20 



21 



22 



23 



24 



RSI 



MR 



TBMT 



IDS 



TEOC 



25 



26-33 



ISO 



TD1-TD8 



34 



35 



OS 



NPB 



NAME 



Receiver Over 
Run 



Status Word 
Enable 



Receiver Clock 



Receiver Data 
Available Reset 



Receiver Data 
Available 



Receiver Serial 
Input 



Master Reset 



Transmitter 
Buffer Empty 



Transmitter 
Data Strobe 



Transmitter End 
of Character 



Transmitter 
Serial Output 



Transmitter 
uata inputs 



Control Strobe 



No Parity Bit 



FUNCTION 



This 3-state output (enabled by SWE) is at a high-level if 
the previously received character is not read (RDA output 
reset not completed) before the present character is 

transffirrprl into the rar-ahiar kMiKAK ,^^:,^i- 



A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 



This innut is n rinrk u/hnco frpninanr«\/ io ie tlm<.^o /icv\ ^. 

^ — ..., ._ _ _.__.. s. , ,,,ww ir c«^v<», i^jr icp >\j nil ICO \ i\j/\) ur 

32 times (32X) the desired receiver baud rate. 



A low- level input resets the RDA output to a low-level. 
RDAR must have gone low and come high again before 
ROR is sampled to avoid overrun indication. 



This 3-state output (enabled by SWE) is at a high-level 
when an entire character has been received and transferred 
into the receiver buffer register. 



This input accepts the serial bit input stream. A high-level 
(mark) to low-level (space) transition is required to initiate 
data reception. 



This input should be pulsed to a high-level after power 
turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE, ROR and RD1-RD8 to a low-level 



This 3-state output (enabled by SWE) is at a high-level 
when the transmitter buffer register may be loaded with 
new data. 



A low-level input strobe enters the data bits into the 
transmitter buffer register. 



This output appears as a high-level during the last half 
clock cycle of the last stop bit. It remains at this level 
until the start of transmission of the next character or 
for one-half of a TCP period in the case of continuous 
transmission. 



This output serially provides the entire transmitted 
character. TSO remains at a high-level when no data is 
being transmitted. 



There are 8 data input lines (strobed bv TDS^ available 
Unused data input lines, as selected by NDB'i and NDB2 
may be in either logic state. The LSB should always be 
placed on TD1. 



A high-level input enters the control bits (NDB1, NDB2 
NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 



A high-level input eliminates the parity bit from being 
transmitted: the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE 
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DESCRIPTION OF PIN FUNCTION 



PIN NO. 



36 



37-38 



39 



SYMBOL 



MSB 



NDB2, 
NDB1 



ROE 



40 



TCP 



NAME 



Number of 
Stop Bits 



Number of Data 
Bits/Character 



Odd/Even Parity 
Select 



Transmitter 
Clock 



FUNCTION 



This input selects the number of stop bits. A low-level input 
selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of two stop bits when programming a 5 data bit 
word generates 1.5 stop bits. 



These 2 inputs are internally decoded to select either 5, 6, 7, 
or 8 data bits/character as per the following truth table: 
NDB2 NDB1 data bits/character 

L L 5 

L H 6 

H L 7 

H H 8 __^ 



The logic level on this input, in conjunction with the NPB 
input, determines the parity mode for both the receiver and 
transmitter, as per the following truth table: 



NPB 

L 
L 
H 



POE 
L 
H 
X 



MODE 
odd parity 
even parity 
no parity 
X = don't care 



This input is a clock whose frequency is 16 times (16X) or 
32 times (32X) the desired transmitter baud rate. 



TRANSMITTER TIMING — 
8 BIT, PARITY, 2 STOP BITS 



TsO I START [ data ?^ ]dATA sJpARITYJ STOP 1 STOP 2 1 START 



TRANSMITTER START-UP 




RECEIVER TIMING — 
8 BIT, PARITY, 2 STOP BITS 



^ii I START [ data l| ^DATA 8[pARITy[ STOP 1 STOP 2 | START 



CENTER BIT 
SAMPLE 



START BIT DETECT AND VERIFY 




minimum continuous low 
required for start-bit verification 



RECEIVER TIMING DETAIL 




MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + TCC 

Storage Temperature Range —55° C to +1 50° C 

Lead Temperature (soldering, 10 sec.) +325° C 

Positive Voltage on any Pin, with respect to ground +8 0\/ 

Negative Voltage on any Pin (except Pin 2), with respect to ground -0 3V 

Negative Voltage on Pin 2, with respect to ground '.'.'.'.'.'.'.'.'.'.'.'.'.[ -13'2V 

_.,_ — ^^s s^cvc ». .CSC .:GiSvj ~ay csuss permancrit o'amayts Lu iiie device. This is a stress 
rating only and functional operation of the device at these or at any other condition above 
those indicated in the operational sections of this specification is not implied. 
NOTE: When powering this device from laboratory or system powersupplies, it is important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is 
switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clam'p circuit be used'^'' 



ELECTRICAL CHARACTERISTICS (Ta = 0° C to 70° C, Vdd = +5V ±5%, unless otherwise noted) 



Parameter 



D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 

Low-level, Vil 

High-level, Vih 
OUTPUT VOLTAGE LEVELS 

Low-level, Vol 

High-level, Voh 
INPUT CURRENT 

Low-level, liL 
INPUT LEAKAGE 
OUTPUT CURRENT 

Leakage, Ilo 

Short circuit. Ids** 
INPUT CAPACITANCE 

All inputs, CiN 
OUTPUT CAPACITANCE 

All outputs, COUT 
POWER SUPPLY CURRENT 

Ice 
A.C. CHARACTERISTICS 
CLOCK FREQUENCY 
PULSE WIDTH 

Clock 

Master reset 

Control strobe 

Transmitter data strobe 

Receiver data available reset 
INPUT SET-UP TIME 

Data bits 

Control bits 
INPUT HOLD TIME 

Data bits 

Control bits 
ENABLE TO OUTPUT DELAY 

Receive data enable 

Status word enable 
OUTPUT DISABLE DELAY 



Min. 



2.0 



2.4 



Typ. 



Max. 



DC 

0.45 
500 
200 
200 
200 









5 
10 



0.8 
0.4 

300 

±10 

±10 
40 

10 

20 

25 

1.0 



250 
250 
250 



Unit 



"Not more than one output should be shorted at a time. 



V 
V 

V 
V 

/"A 
//A 

//A 
mA 

Pf 

Pf 

mA 

MHz 

fJS 

ns 
ns 
ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 
ns 



Comments 



loL = 1.6mA 
I OH = -100/iA 

ViN = GND, COM 8018 only 
COM 1863 only 



SWE = RDE = Vih, < Vout < +5V 
VouT = OV 



SWE = RDE = Vih 

All outputs = Voh, All inputs = Vdd 
Ta = +25° C, See Timing Diagrams 
RCR TCP 




RDAR 



TD1-TD8 

NPB, NSB, NDB2, NDB1, POE 

TD1-TD8 

NPB, NSB, NDB2, NDB1, POE 

Load = 20pf +1 TTL input 

RDE : Tpdi, Tpdo 

SWE: Tpdi, Tpdo 

RDE, SWE 



NOTES: 1 . If the transmitter is inactive (TEOC and TBMT areata high-level) the start bit will appear on the ISO line within 
1 V2 clock period (TCP) after the trailing edge of IDS. 
2. The start bit (mark to space transition) will always be detected within one RCP clock period quaranteeina 
a maximum start bit slippage of ±1/32 or ±1/64 of a bit time. aniceiny 

•^^ Ti?.®. ^:^*^*?-°"*P"* "^^^ "^ ^*^*®^' "") low impedance to Vdd_2)^Iow impedance to GND 3) hiqh impedance OFF = 
10M ohms The "OFF" state is controlled by the SWE and RDE inputs. Fcuanoe^rr- 
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DATA/CONTROL TIMING DIAGRAM 



DATA INPUTS 

t, = t, = 20 ns 
TSET-UP > 
Thold >0 



CONTROL INPUTS 



VlH 
ViL 



TsET-UP 
VlH 



\ 



/ 



k — Thold 



:ZX 



X 



V4H 
ViL 



:0 



I 



"Input information (Data/Control) need onl y be v alid during 
the last Tpw, min time of the input strobes (TDS, OS). 



OUTPUT TIMING DIAGRAM 



OUTPUTS 

(RD1-RD8, RDA, 

RPE, ROR, RFE.TBMT) 



T_ 



Tpdi.Tpdo »H 



VOH 

Vol 



NOTE: Waveform drawings not to scale for clarity. 



ADDITIONAL TIMING INFORMATION 



/ 



/ 
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NOTES ON COM 8018 AND COM 1863 

HIGH-ACCURACY AND IMPROVED 

RDA/ROR MODE 

The HIACC mode is enabled by applying a logic 
"one" to pin 2. If this pin is left unconnected, or 
connected to GND, -12V, or a logic "zero," the 
HIACC mode is disabled. The HIACC input has an 
internal pull-down resistor. 

When the HIACC mode is selected, the TX and RX 
halves both operate on 32X instead of 16X clocks. 
Also, RDA Is notched during the one half receiver 
clock cycle preceding the stop bit center sample 
when RD1-RD8 and ROR are changing. 

Whether or not t he HIA CC mode is selected, RDA 
must be low and RDAR must have returned high to 
avoid setting ROR. If RDAR is held low p ast the 
stop-bit center sample, RDA will go high after RDAR 
returns high. 

The maximum current HIACC will supply if con- 
nected to -13.2V is 3.5mA. 



IMPROVED RDA/ROR OPERATION 
TIMING DIAGRAMS 



RD1-RD8, and ROR determined 
Stop bit center sample 



~LJ LJ \ r 



u 



RDAR at last possible moment 
and not get ROR 



RD1-RD8, and ROR determined 
Stop-bit center sample 



n r 



r 



RD1-RD8, and ROR determined 
■ Stop-bit center sample 




Protection against missing the ROR flag 



FLOW CHART— TRANSMITTER 



3^ SELECT BAUD RATE — 16X or 32X CLK 



TBMT = 1 
TEOC = 1 
TSO = 1 (STOP BIT) 




1 LOAD TRANSMITTER SHIFT REGISTER 

2 TEOC = 

3 TSO =0 (START BIT) 




TRANSMIT START BIT. DATA 
BITS. SELECTED PARITY MODE, 
AND STOP BIT(S) 




FLOW CHART— RECEIVER 




STANDARD MICROSYSTEMS 
CORPORATION. 



■ (5161273-3100 TWX-510-227-8898 



Circuit (diagrams utilizing SMC pro(Jucts are includeid as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
Information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SIViC or others. SMC reserves the right to mai<e changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION;j^^^= 



COM2502 
COM201 7 



Universal Asynchronous Receiver/Transmitter 



UART 



FEATURES 



D Direct TTL Compatibility— no interfacing circuits 
required 

D Full or Half Duplex Operation— can receive and 
transmit simultaneously at different baud rates 

D Fully Double Buffered— eliminates need for precise 
external timing 

D Start Bit Verification— decreases error rate 

D Fully Programmable— data word length, parity mode, 
number of stop bits; one, one and one-half, or two 

D High Speed Operation— 40K baud, 200ns strobes 

D Master Reset— Resets all status outputs 

D Tri-State Outputs— bus structure oriented 

D Low Power— minimum power requirements 

D Input Protected— eliminates handling problems 

D Ceramic or Plastic Dip Package— easy board insertion 



GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is 
an MOS/LSI monolothic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC's P-channel low voltage oxide- 
nitride technology. The duplex mode, baud rate, data 
word length, parity mode, and number of stop bits are 
independently programmable through the use of exter- 
nal controls. There may be 5, 6, 7 or 8 data bits, odd/even 
or no parity, and 1, or 2 stop bits or 1.5 stop bits when 
utilizing a 5-bit code from the COM 2017 . 
The UART can operate in either the full or half duplex 
mode. These programmable features provide the user 
with the ability to interface with all asynchronous 
peripherals. 



Pin Configuration 




<y 




vcc c 


1 40 


] TCP 


Vdd c 


2 39 


] POE 


Gnd Z 


3 38 


] NDB1 


fflSE C 


4 37 


] NDB2 


RD8 C 


5 36 


] NSB 


R07 C 


6 K 


] NPB 


RD6 C 


7 34 


] cs 


RD5 C 


8 33 


3 TD8 


RD4 C 
RD3 C 


9 ■»" 


3 TD7 
] TD6 


10 




31 


RD2 C 


11 




30 


] TD5 


RDI C 
RPE C 


12 
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] TD4 
] TD3 


13 28 


RFE r 


14 27 


3 TD2 


ROR C 


15 26 


D TD1 


swe c 


16 25 


2 TSO 


RCP C 


17 24 


3 TEOC 


RDAR L 


18 23 


] V5S 


RDA C 


19 22 


3 TBMT 


RSI C 


20 21 


] MR 


PACKAGE: 40-Pin D.I. P. 



Functional Block Diagram 

TD1 TD2 TD3 TD4 TD5 TD6 TD7 TD8 



TCP 

CS 

NPB 

NSB 

N0B2 



26 27 28 29 30 31 32 33 



TRANSMITTER BUFFER REGISTER 
— ^""V 



H 



TRANSMITTER 

SHIFT 

REGISTER 



H 



TIMING AND CONTROL TRANSMITTER 



NDBlf^l— » 



31 



CONTROL 

^^1 REGISTER 



in 



STATUS 
WORD 
BUFFER 
REGISTER 



HI 



TIMING AND CONTROL RECEIVER 



n 



RECEIVER 

SHIFT 

REGISTER 



H 



RECEIVER BUFFER REGISTER 



SWE 

TBMT 

RPE 

RFE 

ROR 

RDA 



RDAR 



Vcc 
Vdd 
Gnd 



RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 
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DESCRIPTION OF OPERATION -TRANSMITTER 



At Start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and ISO are all at a high 
level (the line is marking). 
When TBMT and TEOC are high, the control bits 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as mini mum pulse width specifications 
are not violated, TDS and CS ma y occ ur simulta- 

pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 

If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 



commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 
new data. 

If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowandremainis in thisstate 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in speed of transmission. This 

Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 



TRANSMITTER BLOCK DIAGRAM 



i L 



1_1. 



CONTROL BITS HOLDING REGISTER 



TIMING GENERATOR 



DB8 DB7 DB6 DBS DB4 DBS DB2 DB1 

; 1 i i I i ; i 



STEERING LOGIC 



DATA STROBE 



TRANSMITTER 
• BUFFER 
EMPTY 



TRANSMITTER SHIFT REGISTER 



PARITY BIT GENERATION LOGIC 



OUTPUT 
LOGIC 



DESCRIPTION OF OPERATION -RECEIVER 



At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate isapplied 
and master reset is pulsed.Thedataavailable(RDA) 
signal is now low. There is one set of control bits for 
both the receiver and transmitter. 

Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSIIine remains spacing for a 1/2 bittime, agenuine 
start bit is verified. Should the line return to a mark- 



ing condition prior to a 1/2 bit time, the start bit veri- 
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 
received (if selected) and the stop bit(s) received. 

If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-flop of the 
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status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se- 
lected, the parity error fiip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bit is not received, due to an improperly framed 
character, the framing error flip-flop is set high, 
indicating a framing error. 

Once a full character has been received Internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 
assumes that the previously received character has 



not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 

At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 





RD8 RD7 

T T 


RD6 RD5 

T T 


RD< 

T 


RECEIVER BLOCK DIAGRAM 

RD3 RD2 RD1 

T T T '^^'* 


OV 

DATA 

LABLE 


FRAMING 
ERROR 
ER RUN t PARITY ERROR 

t f TRANSMITTER 
♦ ♦ BUFFER EMPTY 


EnMI ^ *ND GATE 1 


STATUS 
WORD 


AND GATE 






i 1 1 1 1 1 1 1 




1 


-1 1 1 1 






DATA BITS HOLDING REGISTER 
BUFFER 




R 

F/F 
S 


1 RESET DATA 
AVAILABLE 




STATUS WORD 
HOLDING REGISTER 












t 






1 






r ' 








BITS FROM 
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SERIAL . 

INPUT ' 


START BIT 
VERIFICATION 




PARITY BIT 
CHECKING LOGIC 




RIGHT 
JUSTIFY LOGIC 




RECEIVER SHIFT 
Qp REGISTER 












r» 








■ 




1 










1 






1 






16 xR L 

CLOCK 


TIMING GENERATOR - 
















































PIN NO. SYMBOL 



5-12 



13 



14 



Vcc 



NO 



GND 



RDE 



RD8-RD1 



RPE 



RFE 



DESCRIPTION OF PIN FUNCTIONS 



NAME 



Power Supply 



No Connection 



Ground 



Receiver Data 
Outputs 



Receiver Parity 
Error 



FUNCTION 



+5 volt Supply 



-12 volt Supply 



Ground 



Received Data A low-level input enables the outputs (RD8-RD1 ) of the 

Enable receiver buffer register. 



These are the 8 tri-state data outputs enabled by RDE. 
Unused data output lines, as selected by NDB1 and NDB2, 
have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 

This tri-state output (enabled by SWE) is at a high-level if 
the received character parity bit does not agree with the 
selected parity. 



Receiver Framing This tri-state output (enabled by SWE) is at a high-level if 
Error the received character has no valid stop bit. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. SYMBOL 



NAME 



FUNCTION 



15 ROR 



16 SWE 



Receiver Over This tri-state output (enabled by SWE) is at a high-level if 

Run the previously received character is not read (RDA output 

not reSci) ucfOic the preaeiiL uiiciictuiui ib Lidiisitjtr^u into 

the receiver buffer register. 



Status Word A low-level input enables the outputs (RPE, RFE, ROR, 

Enable RDA, and TBMT) of the status word buffer register. 



17 RCP 



Receiver Clock This input is a clock whose frequency is 16 times (16X) the 

desired receiver baud rate. 



18 RDAR 



Receiver Data 
Available Reset 



A low-level input resets the RDA output to a low-level. 



19 RDA 



Receiver Data This tri-state output (enabled by SWE) is at a high-level 

Available when an entire character has been received and transferred 

into the receiver buffer register. 



20 RSI 



Receiver Serial This input accepts the serial bit input stream. A high-level 

Input (mark) to low-level (space) transition is required to initiate 

data reception. 



21 MR 



Master Reset This input should be pulsed to a high-level after power 

turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 



22 TBMT Transmitter This tri-state output (enabled by SWE) is at a high-level 

Buffer Empty when the transmitter buffer register may be loaded with 

new data. 



23 TDS 



Transmitter 
Data Strobe 



A low-level input strobe enters the data bits into the 
transmitter buffer register. 



24 TEOC Transmitter End Thisoutputappearsasahigh-leveleachtimeafullcharacter 

of Character is transmitted. It remains at this level until the start of 

transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 



25 TSO 



Transmitter This output serially provides the entire transmitted 

Serial Output character. TSO remains at a high-level when no data is 

being transmitted. 



26-33 TD1-TD8 



Transmitter 
Data Inputs 



There are 8 data input lines (strobed by TPS) available. 
Unused data input lines, as selected by NDB1 and NDB2. 
may be in either logic state. The LSB should always be 
placed on TD1. 



34 CS 



35 NPB 



Control Strobe A high-level input enters the control bits (NDB1, NDB2, 

NSB, POE and NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 



No Parity Bit A high-level input eliminates the parity bit from being 

transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 



PIN NO. SYMBOL 



NAME 



36 



NSB 



Number of 
Stop Bits 



FUNCTION 



This input selects the number of stop bits. A low-level input 
selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 2017. 



37-38 



NDB2, 

Noai 



Number of Data These 2 inputs are internally decoded toselecteitherS, 6, 7, 

Bits/Character or 8_data bits/character as per the following truth table: 

NDB2 NDB1 data bits/character 

L L 5 

L H 6 

H L 7 

H H 8 



39 



POE 



Odd/Even Parity The logic level on this input, in conjunction with the NPB 

Select input, determines the parity mode for both the receiver and 

transmitter, as per the following truth table: 

NPB POE MODE 

L L odd parity 

L H even parity 

H X no parity 

X = don't care 
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TCP 



Transmitter 
Clock 



This input is a clock whose frequency is 16 times (16X) the 
desired transmitter baud rate. 



TRANSMITTER TIMING — 8 BIT, PARITY, 2 STOP BITS 



TDS 1 1 


TBMT 


u 


START 


1 


1 




[datai^.... 

i~Bit~ \.^- 
time 




TSO 


L 


. !data8|parityJstopi stop 2 1 start 




— • 




TEOC 


1 


1 



TRANSMITTER START-UP 




Upon data transmission initiation, or when not transmitting at 100% line utilization, thestartbitwill be placed 
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS. 

RECEIVER TIMING -8 BIT PARITY, 2 STOP BITS 



RSI 


1 START [data 1| •• 


■ -•"[~data8|parity|stopi stop 2| start 


center bit 
rampi F 


1 1 


1 i 1 1 1 


^H^ 1/16 Bit time 


RDA-- 




11 



■The RDA line was previously not reset (ROR = high-level) 
"The RDA line was previously reset (ROR = low-level). 



START BIT DETECT/VERIFY 




If the RSI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return to a 
marking condition prior to a 1/2 bit time, the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range CCto+yo^C 

Storage Temperature Range -55° C to +150° C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, Vcc +0.3V 

Negative Voltage on any Pin, Vcc —25V 

"Stresses aoove those iistea may cause permanent damage to the device. I nis is a stress rating only and 
functional operation of the device at these or at any otherconditlonabovethose indicated in theoperational 
sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS (Ta = 0° C to 70° C Vcc = +5V ±5%, Vdd = -12V ±5%, unless otherwise noted) 



Parameter 



Min. Typ. Max. Unit 



Conditions 



D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 

Low-level, Vil 

High-level, Vih 
OUTPUT VOLTAGE LEVELS 

Low-level, Vol 

High-level, Voh 
INPUT CURRENT 

Low-level, Iil 
OUTPUT CURRENT 

Leakage, Ilo 

Short circuit, los** 
INPUT CAPACITANCE 

All inputs, CiN 
OUTPUT CAPACITANCE 

All outputs, COUT 
POWER SUPPLY CURRENT 

Ice 

Idd 



Vdd 
Vcc-1.5 



2.4 



0.8 V 

Vcc V 

0.2 0.4 V loL = 1.6mA 

4.0 V loH = lOOyuA 

1 .6 mA see note 4 

-1 ajA SWE = RDE = Vih, < Vout < +5V 

10 mA VouT = OV 

5 10 pf ViN = Vcc,f = 1MHz 

10 20 pf SWE = RDE = ViH,f = 1MHz 

28 mA Alloutputs = VoH, All inputs = Vcc 

28 mA 



A.C. CHARACTERISTICS 

CLOCK FREQUENCY 

(COM2502, COM2017) 
PULSE WIDTH 

Clock 

Master reset 

Control strobe 

Transmitter data strobe 

Receiver data available reset 
INPUT SET-UP TIME 

Data bits 

Control bits 
INPUT HOLD TIME 

Data bits 

Control bits 
STROBE TO OUTPUT DELAY 

Receive data enable 

Status word enable 
OUTPUT DISABLE DELAY 



DC 



Ta = +25°C 
400 KHz RCP TCP 



1 

500 
200 
200 
200 




//s 
ns 
ns 
ns 
ns 


RCP TCP 

MR 

CS 

TDS 

RDAR 


>0 
>0 




ns 
ns 


TD1-TD8 

NPB, NSB, NDB2, NDB1, POE 


>0 
>0 




ns 
ns 


TD1-TD8 

NPB, NSB, NDB2, NDB1, POE 




350 
350 


ns 

ns 


Load = 20pf+1 TTL input 
SWE: Tpdi, Tpdo 




350 


ns 


RDE, SWE 



"Not more than one output should be shorted at a time. 



NOTES: 1 . If the transmitter is inactive (TEOC and TBMT ar e at a high-level) the start bit will appear on the ISO line within 

one clock period (TCP) after the trailing edge of TDS. 
2. The start bit (mark to space transition) will always be detected within one clock period of RCP, guaranteeing 

a maximum start bit slippage of 1/16th of a bit time. 
3.Thetri-stateoutputhas3states: 1) lowimpedanc etoVc c 2)low lmpedancetoGND 3)highimpedanceOFFs 

10M ohms. The "OFF" state is controlled by the SWE and RDE inputs. 
4. Under steady state conditions no current flows for TTL or MOS interfacing. (COM 2502) 
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DATA/CONTROL TIMING DIAGRAM 



TDS 



DATA INPUTS 
tr = tf = 20 ns 
TSET-UP > 
Thold >0 



VlH 
ViL 

TSET-UP 



cs 



CONTROL INPUTS 



Vw 

ViL 



VlH 
ViL 



)■ 



/ 



TSET-UP 



VlH V.^ 



Tpw 



Tpw* 



/ 



Thold 



X 



\ 



Thold 



K 



*lnput Information (Data/Control) need onl y bev alid during 
the last Tpw, min time of the input strobes (TDS, CS). 



OUTPUT TIMING DIAGRAM 



RDE, SWE 


ViL J 


r 






_J 










\ 


<- Outputs Disabled 


OUTPUTS 

(RD1-RD8,RDA, 

RPE, ROR, RFE,TBMT) 




^ 

f- 


^ VOH 

^ Vol 






< — 


— Tpdi, Tpdo - 


* 





NOTE; Waveform drawings not to scale for clarity. 



RDAR 



"A 

ViL-^c 



« 200ns 



y 



TDS 



/ 



VlH 



\ 



Vol 



RDA 



< 300ns 



TMBT 



\ 



Vol 



400ns -*■ 
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FLOW CHART— TRANSMITTER 



1 . TURN POWER ON 

2. PULSE EXTERNAL RESET 

3. SELECT BAUD RATE — 16 xCLK 





TRANSMIT START BIT, DATA 
BITS, SELECTED PARITY MODE. 
AND STOP BIT(S) 




FLOW CHART— RECEIVER 



1 . TURN POWER ON 

2. PULSE EXTERNAL RESET 

3. SELECT BAUD RATE — 16 xCLK 

4. SET CONTROL BITS 




YES SET PARITY 

ERROR REGISTER 
TOO 



YES SET FRAMING 

ERROR REGISTER 
TOO 



SET OVER-RUN 

REGISTER 

TOO 



EXAMINE OUTPUTS 
1 STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 



RESET DATA AVAILABLE - DA = 



STANDARD MICROSYSTEMS 
CORPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. Ttie 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION .ij 



C0M2601 




Universal Synchronous Receiver/Transmitter 

USRT 



FEATURES 

DSTR, BSC— Bi-syncand interleaved bi-sync 
modes of operation 

D Fully Programmable— data word length, parity 
mode, receiver sync character, transmitter 
sync character 

D Full or Half Duplex Operation — can receive and 
transmit simultaneously at different baud rates 

D Fully Double Buffered— eliminates need for 
precise external timing 

D Directly TTL Compatible— no interface 
components required 

D Tri-State Data Outputs— bus structure oriented 

D IBM Compatible— internally generated SCR 
and SOT signals 

D High Speed Operation— 250K baud, 200ns 
strobes 

D Low Power— 300mW 

n Input Protected— eliminates handling problems 

D Dip Package— easy board insertion 

APPLICATIONS 

D Bi-Sync Communications 
D Cassette I/O 
D Floppy Disk I/O 

GENERAL DESCRIPTION 

The Universal Synchronous Receiver/Transmitter 
is an MOS/LS! monolithic circuitthat performs all 
the receiving and transmitting functions 
associated with synchronous (STR, BSC, Bi-sync, 
and interleaved bi-sync) data communications. 
This circuit isfabricated using SMC's P-channel 
low voltage oxide-nitride technology, allowing 
all inputs and outputs to be directly TTL 
compatible. The duplex mode, baud rate, data 
word length, parity mode, receiver sync character, 
and transmitter sync character are independently 
programmable through the use of external 
controls. The USR/T is fully double buffered and 
internally generates the sync character received 
and sync character transmitted signals. These 
programmable features provide the user with the 
abilityto interface with all synchronous peripherals. 



PIN CONFIGURATION 




PACKAGE: 40-Pin D.I.P. 



FUNCTIONAL BLOCK DIAGRAM 

DBS DB7 DB6 DBS DB4 DB3 DB2 DB1 




RR * Qo 

SCR 4-7^ 
RPE+if 
ROR ♦#- 
RDA *^ 



TIMING 
AND 
CONTROL r 
RECEIVER 



RDAR *-= 



RECEIVER SUFFER REGISTER 

^28 J2! 



J31 J32 J33 J3-1 J35 



RD8 RD7 RD6 RD5 RD4 RD3 RD2 RD1 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. SYMBOL 



NAME 



FUNCTION 



Vcc 



TBMT 



GND 



Power Supply 



+5 volt Supply 



Transmitter This output is at a high-level when the transmitter data 

Buffer Empty buffer register may be loaded with new data. 



TSO Transmitter This output serially provides the entire transmitted 

Serial Output character. This character is extracted from the transmitter 

data buffer register provided that a TDS pulse occurs during 
the presently transmitted character. If TDS is not pulsed, 
the next transmitted character will be extracted from the 
transmitter sync register. 



Ground 



Ground 



SOT Sync Character This output is set high when the character loaded into the 

Transmitted transmitter shift register is extracted from the transmitter 

sync register, indicating that theTDS was not pulsed during 
the previously transmitted character. This output is reset 
low when the character to be transmitted is extracted from 
the transmitter data buffer register. This can only occur if 
TDS is pulsed. 



Vdd 



Power Supply 



-12 volt Supply 



7-14 DB1-DB8 Data Bus Inputs 



This 8 bit bus inputs information into the receiver sync 
register under control of the RSS strobe, into thetransmitter 
sync register under control of the TSS strobe, and into the 
transmitter data buffer register under control of the TDS 
strobe. The strobes operate independently of each other. 
Unused bus inputs may be in either logic state. The LSB 
should always be placed on DB1. 



15 



RR 



Receiver Reset This input should be pulsed to a high-level after power 

turn-on. This resets the RDA, SCR, ROR, and RPE outputs 
to a low-level. The transition of the RR input from a high- 
level to a low-level sets the receiver into the search mode 
(bit phase). In the search mode the serially received data bit 
stream is examined on a bit by bit basis until async character 
is found. A sync character is found, by definition, when the 
contents of the receiver s^nc ref^ister and the receiver 
shift register are identical. When this occurs the SCR output 
is set high. This character is then loaded into the receiver 
buffer register and the receiver is set into the character 
mode. In this mode each character received is loaded into 
the receiver buffer register. 
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RPE 



Receiver 
Parity Error 



This output is a high-level if the received character parity 
bit does not agree with the selected parity. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. SYMBOL 



NAME 



FUNCTION 



17 SCR Sync Character This output is set high each time the character loaded into 

Received the receiver buffer register is identical to the character in 

the receiver sync register. This output is reset low the next 
time the receiver buffer register is Loaded with a cJiaracter 
which is not a sync character. 



18 


TSS 


Transmitter Sync 
Strobe 


A high-level input strobe loads the character on the DB1- 
DB8 lines into the transmitter sync register. 


19 


TCP 


Transmitter Clock 


The positive going edge of this clock shifts data out of 
the transmitter shift register, at a baud rate equal to the 
TCP clock frequency. 


20 


TDS 


Transmitter Data 
Buffer Strobe 


A high-level input strobe loads the character on the DB1- 
DB8 lines into the transmitter data buffer register. 


21 


RSS 


Receiver Sync 
Strobe 


A high-level input strobe loads the character on the DB1- 
DB8 lines into the receiver sync register. 


22 


RSI 


Receiver Serial Input 


This input accepts the serial bit input stream. 


23 


RCP 


Receiver Clock 


The negative-going edge of this clock shifts data into the 
receiver shift register, at a baud rate equal to the RCP 
clock frequency. 


24 


RDAR 


Receiver Data 
Available Reset 


A high-level input resets the RDA output to a low-level. 


25 


RDE 


Received Data 
Enable 


A high-level input enables the outputs (RD8-RD1 ) of the 
receiver buffer register 


26 


RDA 


Receiver Data 
Available 


This output is at a high-level when an entire character has 
been received and transferred into the receiver buffer 
register. 


27 


ROR 


Receiver Over- 
Run 


This output is at a high-level if the previously received 
character is not read (RDA not reset) before the present 
character is transferred into the receiver buffer register. 



28-35 RD8-RD1 Receiver Data These are the 8 tri-state data outputs enabled by RDE. 

Output Unused data output lines, as selected by NDB1 and NDB2, 

have a low level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 

36,38 NDB2, Number of Data These 2 inputs are internally decoded to select eitherS, 6, 7, 

NDB1 Bits or 8 data bits/character as per the following truth table: 



NDB2 


NDB1 


data bits/character 


L 


L 


5 


L 


H 


6 


H 


L 


7 


H 


H 


8 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. SYMBOL 



NAME 



FUNCTION 



37 



NPB 



No Parity Bit A high-level input eliminates the parity bit from being 

transmitted. In addition, it is necessary that the received 
character contain no parity bit. Also, the RPE output is 
forced to a low-level. See pin 40, POE. 



39 OS Control Strobe A high-level input enters the control bits (NDB1, NDB2, 

POE, and NPB) into the control bits register This line may 
be strobed or hard v\/ired to a high-level. 

40 POE Odd/Even Parity The logic level on this input, in conjunction with the NPB 

Select input, determines the parity mode for both the reciever and 

transmitter, as per the following table: 



NPB POE 
L L 

L H 

H X 



MODE 
odd parity 
even parity 
no parity 
X = don't care 



ADDITIONAL TIMING INFORMATION 
(Typical Propagation Delays) 

Transmitter 



TCP 




OUTPUT 




OUTPUT TPDO 

TBMT NA 

SCT 1.0 

TSO 1.0 



Receiver 



RCP. 



OUTPUT 




OUTPUT TpDO Tpdi units 

RDA NA 1.0 /IS 

ROR 2.0 2.5 /IS 

RPE 2.0 2.5 //s 

SCR 2.0 2.5 A/s 

RD1-RD8 2.5 2.5 us 




RSI // 



1 



VALID W//// 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range —55° C to +150° C 

Lead Temperature (soldering, 10 sec.) +325° C 

Positive Voltage on any Pin, Vcc +0.3V 

Negative Voltage on any Pin, Vcc -25 V 



*Stresses.above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

EtECTfHGAL CHARAGTERfSTieS <Ta ^ 0° G to 70° C, Vce = +5V +5%, \hD = -12V ±5%, tmtess otherwise footed) 



Parameter 



Min 



Typ Max Unit 



Conditions 



D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 

Low-level, Vil 

High-level, Vih 
OUTPUT VOLTAGE LEVELS 

Low-level, Vol 

High-level, Voh 
INPUT CURRENT 

Low-level, Iil 
OUTPUT CURRENT 

Leakage, Ilo 

Short circuit, los** 
INPUT CAPACITANCE 

All inputs, CiN 
OUTPUT CAPACITANCE 

All outputs, COUT 
POWER SUPPLY CURRENT 

Ice 

Idd 
A.C. CHARACTERISTICS 
CLOCK FREQUENCY 
PULSE WIDTH 

Clock 

Receiver reset 

Control strobe 

Transmitter data strobe 

Transmitter sync strobe 

Receiver sync strobe 

Receiver data available 
reset 
INPUT SET-UP TIME 

Data bits 

Control bits 
INPUT HOLD TIME 

Data bits 

Control bits 
STROBE TO OUTPUT DELAY 

Receive data enable 
OUTPUT DISABLE DELAY 



Vdd 
Vcc-1.5 



2.4 



0.2 
4.0 



5 
10 



DC 



0.8 
Vcc 

0.4 



1.6 

-1 
10 

10 

20 

28 
28 

250 



loL = 1.6mA 
loH = -100/uA 



mA see note 1 

//A RDE = ViL,0<VouT<+5V 
mA VouT = OV 

pf ViN = Vcc, f = 1MHz 

pf RDE = VlL,f=1MHZ 

[J]^| All outputs = Voh 

Ta = +25°C 
KHz RCP, TCP 



1 
1 

200 
200 
200 
200 






JUS 

/ys 
ns 
ns 
ns 
ns 


RCR TCP 

RR 

CS 

TDS 

TSS 

RSS 


200 






ns 


RDAR 


>0 
>0 






ns 
ns 


DB1-DB8 
NPB,NDB2.NDB1,P0E 


>0 
>0 






ns 
ns 


DB1-DB8 

NPB, NDB2, NDB1,P0E 




180 


250 


ns 


Load = 20pf+1TTL input 
RDE:Tpdi,Tpdo 




100 


250 


ns 


RDE 



**Not more than one output should be shorted at a time. 

NOTES: 

1. Under steady state condition no current flows for TTL orMOS interfacing. A switching current of 1.6 mA 
maximum flows during a transition of the input. 

2. The three-state output has 3 states: 

1 ) low impedance to Vcc 

2) low impedance to GND 

3) high impedance OFF = 10M ohms 

The OFF state is controlled by the RDE input. 
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DESCRIPTION OF OPERATION — RECEIVER/TRANSMITTER 



The input clock frequency for the receiver is set at 
the desired receiver baud rate and the desired 



ter) is loaded into the receiver sync register. When 
the Receiver Reset input transitions from a high- 
level to a low-level the receiver is set into the search 
mode (bit phase). In the search mode the serially 
received data bit stream is examined on a bit by bit 
basis until a sync character is found. A sync charac- 
ter is found, by definition, when the contents of the 
receiver sync register and the receiver shift register 
are identical. When this occurs the Sync Character 
Received output is set high. This character is then 
loaded into the receiver buffer register and the 
receiver is set into the character mode. In this mode 
each character received is loaded into the receiver 
buffer register. The receiver provides flags for Re- 
ceiver Data Available, Receiver Over Run, Receiver 
Parity Error, and Sync Character Received. Full 
double buffering eliminates the need for precise 
external timing by allowing one full character time 
for received data to be read out. 
The input clock frequency for the transmitter is set 



at the desired baud rate and the desired transmitter 
sync character is loaded into the transmitter sync 

leyistef. iriteifiai iOyiO CieCicii^ u lim (jiiuretuim lu bv 

transmitted out of the transmitter shift register is 
extracted from the transmitter data register or the 
transmitter sync register. The next character trans- 
mitted is extracted from the transmitter data register 
provided that a Transmitter Data Strobe pulse 
occurs during the presently transmitted character. 
If the Transmitter Data Strobe is not pulsed, the next 
transmitted character is extracted from the trans- 
mitter sync register and the Sync Character Trans- 
mitted output is set to ahigh level. Full double buffer- 
ing eliminates the needforpreclseexternal timing by 
allowing one full character time to load the next 
character to be transmitted. 

There may be 5, 6, 7, or 8 data bits and odd/even 
or no parity bit. All inputs and outputs are directly 
TTL compatible. Tri-state data output levels are 
provided for the bus structure oriented signals. 
Input strobe widths of 200ns, output propagation 
delays of 250ns, and receiver/transmitter rates of 
250K baud are achieved. 



FLOW CHART— TRANSMITTER 



TURN POWER ON 

SET CONTROL BITS — PULSE OS 

SET SYNC CHARACTER ONTO THE DATA BUS-PULSE TSS 

SELECT BAUD RATE — TCP 



TRANSMIT 1 BIT 




SET DATA BITS ONTO 
DATA BUS — PULSE TDS 
TBMT = 



SET SYNC CHARACTER 
ONTO DATA BUS — 
PULSE TSS 



LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
DATA REGISTER 
SCT = 
TBMT = 1 



LOAD TRANSMITTER SHIFT 
REGISTER FROM TRANSMITTER 
SYNC REGISTER 
SCT = 1 
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FLOW CHART- RECEIVER 



TURN POWER ON 

SELECT CONTROL BITS- PULSE CS 

SET RECEIVER SYNC CHARACTER ONTO DATA BUS-PULSE RSS 

PULSE RR -SETS RECEIVER INTO SEARCH MODE, RDA = ROR = RPE = SCR = 



SHtFT 4^ artNTOTHE R E CEIVER SHtfT REGISTER 




SET THE RECEIVER INTO THE CHARACTER MODE 
SCR = 1 



LOAD THE RECEIVED CHARACTER INTO THE RECEIVER BUFFER REGISTER - RDA = 1 

EXAMINE OUTPUTS, PULSE RDAR, RDA = 

IF DESIRED, SET NEW RECEIVER SYNC CHARACTER ONTO DATA BUS — PULSE RSS 



SHIFT 1 BIT INTO THE RECEIVER SHIFT REGISTER 



HAS 

A COMPLETE CHARACTER 
BEEN RECEIVED 









YES ^ 


^ DO THE ^v^ 

^ CONTENTS OF THE \. 
"^ RECEIVER SHIFT REGISTER 

COMPARE TO THE CONTENTS 
\ OF THE RECEIVER ^ 
^\^ SYNC REGISTER ^^ 


•v^ NO 








SET SCR = 1 


SET SCR = 


♦— 


X 






^ 


' 


^ 


r 




SET ROR = ♦ 
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USRT TIMING DIAGRAM 




TSO 



I I I I I I 



I I I 



Sync Character ►K Data Character 



-^ 



Data Character 



RCP 



- - - -. -^ ^ L_ _l 



RSI _ 



I I 



|_l _I _, 

_ I ! J 1 ILU _ i _i \^ L u'-in_ L _'_ ^4. 



4- ,- 



RR 

RDAR. 
RDA 

ROR 

RPE 

SCR 

RD1-8 . 



_R 



Sync Character 



-»+»- 



r 



Data Character 



n 



— I — 

_ J Note 3 



Notes 



c 



_ij Notes 

I 

±_ _ 



■♦H — I 1 Data Character 

I I 



Note 2 



r-H 



irT 
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NOTE 1 

The transmitter shift register is 
loaded with the next character 
at the positive clock transition 
corresponding to the leading 
edge of the last bit of the 
current character on the TSO 
output. TBMT is set high 
approximately two microsec- 
onds after this clock transition. 
If it Is desired that the next 
character be extracted from 
the transmitter data register 
the leading edge of the TDS 
should occur at least one 
microsecond prior to this 
clock transition. 



NOTE 2 

In order to avoid an ROR 
indication the leading edge of 
the RDAR pulse should occur 
at least one microsecond prior 
to the negative clock transition 
corresponding to the center 
of the first bit after the last data 
bit on the RSI input. 



NOTE 3 

The ROR, RPE, SCR and RD1- 
RD8 outputs are set to their 
correct levels approximately 
two microseconds after the 
negative clock transition 
corresponding to the center of 
the first bit after the last data 
bit on the RSI Input. The RDA 
output Is set high at the next 
negative clock transition. 

The solid waveforms corre- 
spond to a control register 
setting of 5 data bits and a 
parity bit. The dashed wave- 
forms are for a setting of 6 data 
bits and no parity bit. 



STANCARD MICROSYSTEMS 
CORPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaserof the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION.^ 




COM 2651 

//.PC FAMILY 



Programmable Communication Interface 

PCI 



FEATURES 

n Synchronous and Asynchronous Full Duplex or 

Half Duplex Operations 
D Re-programmable ROM on-chip baud 

rate generator 
D Synchronous Mode Capabilities 

— Selectable 5 to 8-Bit Characters 

— Selectable 1 or 2 SYNC Characters 

— Internal Character Synchronization 
—Transparent or Non-Transparent Mode 

— Automatic SYNC or DLE-SYNC Insertion 

— SYNC or DLE Stripping 

— Odd, Even, or No Parity 

— Local or remote maintenance loop back mode 
D Asynchronous Mode Capabilities 

— Selectable 5 to 8-Bit Characters 

—3 Selectable Clock Rates (IX. 16X, 64X the 
Baud Rate) 

— Line Break Detection and Generation 

— 1, ^V2, or2-Stop Bit Detection and Generation 

— False Start Bit Detection 

— Odd, Even, or No Parity 

— Parity, Overrun, and framing error detect 

— Local or remote maintenance loop back mode 

— Automatic serial echo mode 
D Baud Rates 

— DC to 1 .OM Baud (Synchronous) 

— DC to 1 .OM Baud (IX, Asynchronous) 

— DCto62.5K Baud (16X, Asynchronous) 

— DC to 15.625K Baud (64'X, Asynchronous) 
D Double Buffering of Data 



PIN CONFIGURATION 









D2 1 C 

D3 2 C 

RxD 3 C 

GND 4 £ 

D4 5 C 

D5 6 C 

D6 7 C 

D7 8 C 

T^ 9 C 

Alio C 

CE11 C 

A012 C 

R/W13 C 


V> 


3 28 D1 
3 27 DO 
3 26VCC 
3 25RxC 
3 24DTR 
3 23RTS 
3 22DSR 
3 21 RESET 
3 20BRCLK 
3 19TxD 






3 18TxEMT/DSCHG 
3 17CTS 
3 16DCD 
3 ISTxRDY 


RxRDY14 C 


Package; 28-pin D.I. P. 



D Internal or External Baud Rate Clock 
—16 Internal Rates :50 to 19,200 Baud 
n Single +5 volt Power Supply 
D TTL Compatible 
D No System Clock Required 
D Compatible with 2651, INS2651 



GENERAL DESCRIPTION 



The COM 2651 is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® technology 
that meets the majority of asynchronous and 
synchronous data communication requirements, 
by interfacing parallel digital systems to asyn- 
chronous and synchronous data communication 
channels while requiring a minimum of processor 
overhead. The COM 2651 contains a baud rate 
generator which can be programmed to either 
accept an external clock or to generate internal 
transmit or receive clocks. Sixteen different baud 
rates can be selected under program control when 
operating in the internal clock mode. The on-chip 
baud rate generator can be ROM reprogrammed to 
accommodate different baud rates and different 
starting frequencies. 
The COM 2651 is a Universal Synchronous/ 



Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 
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DATA BUS 
D0-D7 



RESET 
AO 



C=:^ 



51 



OPERATION CONTROL 



MODE REGISTER 1 



MODE REGISTER 2 



COMMAND REGISTER 



STATUS REGISTER 



^ 



TxC 
RxC 



DSR 
555 

CTS 
RTS 
DTR 



ROM 

RE-PROGRAMMABLE 

BAUD RATE 

GENERATOR 

AND 

CLOCK CONTROL 



-»-0 

C 



a 



^ 



SYN/DLE CONTROL 



SYN 1 REGISTER 



SYN 2 REGISTER 



DLE REGISTER 



■> 



vcc 

GND 



COM 2651 ORGANIZATION 



The COM 2651 is organized into 6 major sections. 
Communication between eacli section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2651. 

Operation Control 

This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2651 programming section of this specification. 
Timing 

The COM 2651 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Table 6 illustrates all available 
baud rates. 
Receiver 

The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 
or characters that are unique to the communication 



technique and stores the "assembled" character in the 
receive data holding register until read by the processor. 

Transmitter 

The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 

Modem Control 

The modem control provides three output signals and 
accepts three input signals used for "handshaking" and 
status indication between the COM 2651 and a modem. 

SYN/DLE Control 

This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 

Interface Signals 

The COM 2651 interface signals can be grouped into two 
types: the processor-related signals (shown in Table 2) which 
interface the COM 2651 to the processor, and the device- 
related signals (shown in Table 3), which are used to inter- 
face to the communications equipment. 
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TABLE 2— PROCESSOR RELATED SIGNALS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1,2,5,6, 
7,8,27,28 


Data 


D7-D0 


Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
between the COM 2651 and a processor. D0 is the least significant bit; D7 is the most 
significant bit. 


10,12 


Address 


A1,A0 


Input; Address lines used to select COM 2651 registers. 


11 


Chip Enable 


CE 


Input; when this signal is low, the operation specified by the R/W, A1 and A0 will be 
performed. When this input is high, D7-0 are in the high impedance state. 


13 


Read/Write 


R/W 


Input; Processor read/write direction control. This signal defines the direction of the 
^ataljus D7-0wtTentheCOM^2651 is selected. D7-0 drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the chip enable input is active. 


14 


Receiver Ready 


RxRDY 


Output; This signal is the complement of Status Register bit 1 (SRI). When low, it 
indicates that the Receive Data Holding Register (RHR) has a character ready for input 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 


15 


Transmitter 
Ready 


TxRDY 


Output; This signal is the complement of Status Register bit O(SRO). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
characterfrom the processor. It goes high when thedata character is loaded. This output 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 


18 


Transmitter 
empty/data 
set change 


TxEMT/ 
DSCHG 


Output; This signal is the complement of Status Register bit 2 (SR2). When low, it 
indicates that the transmitter has completed serialization of the last character loaded 
by the processor, or that a change of state of the DSR or DCD inputs has occurred. 
This output goes high when the Status Register is read by the processor, if the 
TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor 
for this line to go high. It is an open drain output which can be used as an interrupt 
to the processor. 


21 


Reset 


Reset 


Input; A high on this input performs a master reset on the COM 2651. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 


26 


Supply Voltage 


Vcc 


+5 volts supply. 


4 


Ground 


GND 


Ground. 



TABLE 3— DEVICE RELATED SIGNALS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


3 


Receive Data 


RxD 


Input; Serial data to the receiver. "Mark" is high "space" is low. 


9 


Transmitter 
Clock 


TxC 


Input or Output; If the external transmitter clock is programmed, this input controls 
the rate at which the character is transmitted. Its frequency is IX, 16X or 64X, the Baud 
rate as programmed by Mode Register 1 . The transmitted data changes on the falling 
edge of the clock. If the internal transmitter clock is programmed, this pin becomes 
an output at IX the programmed Baud rate. 


16 


Data Carrier 
Detect 


DCD 


Input; This signal must be low in order for the receiver to function. The complement 
appears in the Status Reqister bit 6 (SR6). When this input changes state a low output 
on TxEMT/DSCHG occurs. 


17 


Clear to Send 


CTS 


Input; This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 


19 


Transmit Data 


TxD 


Output; Serial data from the transmitter. "Mark" is high, "Space" is low. This signal is 
held in the "Mark" condition when the transmitter is disabled. 


20 Baud Rate Clock 

1 
1 


BRCLK 


Input; The standard device requires a 5.0688MHz clock to the internal Baud rate 
generator allowing for Baud rate shown in Table6. The reprogrammable ROM on chip 
allows for user specificed Baud rates and input frequency. Consult the factory for 
details. This input is not required if external receive and transmit clocks are used. 


22 


Data Set Ready 


DSR 


Input; This general purpose signal can be used for Data Set Ready or Ring Indicator 
condition. Its complement apoears as Status Reqister bit 7 {SR7). When this input 


changes state, a low output on TxEMT/DSCHG occurs. 


23 


Request to Send 


RTS 


Output; This general purpose signal is the complement of the Command Register bit 5 
(CR5). It is normally used to indicate Request to Send. 
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TABLE 3— DEVICE RELATED SIGNALS 



PIN NO. 



24 



25 



NAME 



Data Terminal 



Receive Clock 



SYMBOL 



DTR 



R3^ 



FUNCTION 



Output; This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 



Input or Output; If the external receiver clock is oroarammed. this inout controls the 
rate at which the character is to be received. Its frequency is IX, 16X, or 64X the Baud 
rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin becomes an output at IX the 
programmed Baud rate. 



COM 2651 OPERATION 



The functional operation of the COM 2651 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2651 Programming section of this data sheet. 

After programming, the COM 2651 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specif iced by the control words. 

Receiver 

The C OM 2651 is conditioned to receive data when the 
DCD input is low and the RxEN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low transition on the RxD input line 
indicating the start bit. If a transition is detected, the 
state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and the stop bit(s) 
have been assembled. The data is then transferred to the 
Receive Data Holding Regis ter, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 
bits are strobe d int o the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit[s]), 
only one character consisting of all zeros (with the 
Framing error status bit set) will be transferred to the 
Holding Register. The RxD input must return to a high 
condition before a search for the next start bit begins. 

When the COM 2651 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a to 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Reciver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2651 returns 



to the hunt mode. (Note that the sequence SYN1-SYN1- 
SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2651 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN 
sequence sets the SYN DETECT status bit. If the SYN 
stripping mode is commanded, SYN characters are not 
transferred to the Holding Register. Note that the SYN 
characters used to establish initial synchronization are 
not transferred to the Holding Register in any case. 

Transmitter 

The COM 2651 is conditioned to transmit data when the 
CTS input is low and the TxEN command register bit is 
set. The COM 2651 indicates to the processor that it can 
accept a character for transmi ssion b y setting the 
TxRDY status bit and asserting theTxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 

In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD o utput re ma ins ir. 
the marking (high) condition and the TxEMT/DoCR^ 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 

In the synchronous mode, when the COM 2651 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by theCOM2651 unless the 
processor fails to send a new character to the COM 2651 
by the time the transmitter has completed sending the 
previous character Since synchronous communication 
does not allow gaps between characters, the COM ?fi.«^i 
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asserts TxEMT and automatically "fills" the gap by 
transmitting SYNIs, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when a new 
character is available in the Transmit Data Holding 
Register. If the SEND DLE bit in the command register is 
true, the DLE character is automatically transmitted prior 
to transmission of the message character in the transmit 
holding register. 

COM 2651 PROGRAMMING 

Prioj' to inLtiatin^ data comrnunications, the COM 2651 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/DLE registers must be loaded. The 
COM 2651 can be reconfigured at any time during pro- 
gram execution. However, if the change has an effect on 
the reception of a character the receiver s hould be dis- 
abled. Alternatively if the change is made 1 V2RXC periods 
after RxRDY goes active it will affect the next character 
assembly. A flowchart of the initialization process 
appears in Figure 1. 

The internal registers of the COM 2651_are accessed by 
applying specific signals to the CE, R/W, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 4. 

The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A1=0, 
A0=1, and R/W=1. The first operation loads the SYN1 
register The next loads the SYN2 register, and the third 
loads the DLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1, and a sub- 
sequent operation addresses Mode Register 2. If more 
than the required number of accesses are made, the 
internal sequencer recycles to point at the first register. 
The pointers are reset to SYN1 Register and Mode 
Register 1 by a RESET input or by performing a "Read 
Command Register" operation, but are unaffected by any 
other read or write operation. 

The COM 2651 register formats are summarized in 
Tables 5, 6, 7 and 8. Mode Registers 1 and 2 define the 
general operational characteristics of the COM 2651, 
while the Command Register controls the operation 
within this basic framework. The COM 2651 indicates 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 



COM 2651 INITIALIZATION FLOW CHART 



INITIAL RESET 
— •^ 




SYNCHRONOUS? 



NOTE 

Mode Register 1 must be written 
tjefore 2 can be written. Mode Register 2 
need not be programmed if external 
clocks are used. 



NOTE 

SYNI Register must be written 
before SYN2 can be written, and 
SYN2 before DLE can be written. 




CE 


A1 


AO 


R/W 


FUNCTION 


1 


X 


X 


X 


Tri-state data bus 














Read receive holding register 











1 


Write transmit holding register 








1 





Read status register 








1 


1 


Write SYN1/SyN2/DLE registers 





1 








Read mode registers 1 and 2 





1 





1 


Write mode registers 1 and 2 





1 


1 





Read command register 





1 


1 


1 


Write command register 



NOTE 

See AC Characteristics section for timing requirements. 



Table 4— COM 2651 REGISTER ADDRESSING 
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Table 5 illustrates Mode Register 1. Bits MR11 and MR10 
select the communication format and Baud rate multi- 
plier. 00 specifies synchronous mode and IX multiplier. 
IX, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 

MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 

MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 



MODE REGISTER 1 (MR1) 



performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR 14. 

In asychronous mode, MR17 and MR16 select character 
framing of 1, 1.5, or 2 stop bits, (if IX baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 






of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. Also DLE 
stripping and DLE Detect (with MR14=0) are enabled. 



MR17 


MR16 


MR15 


MR14 


MR13 


MR12 


MR11 


MR10 


Sync/Async 


Parity Typ« 


Parity Control 


Character Length 


Mod* and Baud Rata Factor 


ASYNCH: STOP BIT LENGTH 










00=(NVALID 


0=ODD 


0=DISABLED 


00=5 BITS 


00=SYNCHRONOUS IX RATE 


01=1 STOP BIT 


1=EVEN 


1=ENABLED 


01=6 BITS 


01=ASYNCHRONOUS IX RATE 


10=1% STOP BITS 






10=7 BITS 


10= ASYNCHRONOUS 16X RATE 


11=2 STOP BITS 






11=8 BITS 


11=ASYNCHR0N0US 64X RATE 


SYNCH: NUMBER 


SYNCH: TRANS- 


OF SYN CHAR 


PARENCY CONTROL 










0=DOUBLE SYN 


0=NORMAL 










1=SINGLESYN 


1=TRANSPARENT 











Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 
internal clock is selected. Mode must be selected (MR11. MR10) in any case. 



TABLE 5— MODE REGISTER 1(MR1) 



MODE REGISTER 2 (MR2) 



Table 6 illustrates Mode Register 2. MR23, MR22, MR21, 
and MR20 control the frequency of the internal Baud 
rate generator (BRG). Sixteen rates are selectable. When 
driven by a 5.0688 MHz input at the BRCLK input (pin 20) , 
the BRG output has zero error except at 134.5, 2000, and 
19,200 Baud, which have errors of -+0.016% +0.253%, 
and +3.125% respectively. 

MR25 and MR24 select either the BRG or the external 



inputs TxC and RxC as the clock source for the trans- 
mitter and receiver, respectively. If the BRG clock is 
selected, the Baud rate factor in asynchronous mode is 
16X regardless of the factor selected by MRU and MR10. 
In addition, the corresponding clock pin provides an 
output at IX the Baud rate. Custom Baud rates other 
than the ones provided by the standard part are avail- 
able. Contact the factory for details. 



NOTE 'Error at 19200 can be reduced to zero by using crystal frequency 4.91 52MHz 

16X clock is used In asynchronous mode. In synchronous mode, clock multiplier is IX. 
Baud rates are valid for crystal frequency = 5.0688MHz 

TABLE 6— MODE REGISTER 2 (MR2) 



MR27 MR26 


MR2S 


MR24 


MR23-MR20 












Theoretical Actual 




1 




Transmitter 


Receiver 




Baud 


Frequency Frequency 


Percent 






Clock 


Clock 


Code 


Rate 


16X Clock 16X Clock 


Error 


Divisor 




0=EXTERNAL 


0=EXTERNAL 


0000 


50 


0.8 KHz 


0.8 KHz 




6336 


NOT USED 


1=INTERNAL 


1=INTERNAL 


0001 


75 


1.2 


1.2 


_ 


4224 








0010 


110 


1.76 


1.76 


_ 


2880 








0011 


134.5 


2.152 


2.1523 


0.016 


2355 








0100 


150 


2.4 


2,4 


— 


2112 








0101 


300 


4.8 


4.8 


_ 


1056 








0110 


600 


9.6 


9.6 


_ 


528 








0111 


1200 


19.2 


19.2 


_ 


264 








1000 


1800 


28.8 


28.8 


_ 


176 








1001 


2000 


32.0 


32.081 


0.253 


158 








1010 


2400 


38.4 


38.4 


_ 


132 








1011 


3600 


57.6 


57.6 


_ 


88 








1100 


4800 


76.8 


76.8 


_ 


66 








1101 


7200 


115.2 


115.2 


_ 


44 








1110 


9600 


153.6 


153.6 


_ 


33 








1111 


19200* 


307.2 


316.8 


3.125 


16 
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COMMAND REGISTER (CR) 



Table 7 illustrates the Command Register. BitsCRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A to 1 transition of CR2 forces 
start bit search (asyn c mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete thetransmissionofthecharacter 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output will then remain in the 
marking state (high) while the TxRDY and TxEMT will 
go h ig h ( inactive ). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. 

In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high for at least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. CR3 should 
be reset in response to the next TxRDY. 
Setting CR4 causes the error flags in the Status Register 
(SR3, SR4, and SR5 ) to be cleared. This is a one time 
command. There is no internal latch for this bit. 

The COM 2651 can operate in one of four sub-modes 
within each major mode (synchronous orasynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 

In asynchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic Echo mode. Clocked, regenerated 
received data is automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2=1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinues normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 

1. Data assembled by the receiver are automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The tra nsmitter is clocked by the receive clock. 

3. TxR DYout p ut=1. 

4. The TxEMT/DSCHG pin will reflect only the data set 
change condition. 



5. The TxEN command (CRO) is ignored. 

In synchronous mode, CR7-CR6=01 places the COM 
2651 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 

1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters In the data stream matching 
SYN1 are not transferred to the Receive Data Holding 
Register (RHR). 

2. In the non-transparent, dou ble S YN mode (MR17- 
MRtS— (W), characters irr the data streammatching, 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. However, only the first 
SYN1 of anSYNI-SYNI pair is stripped. 

3. In transparent mode (MR16=1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 

Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR3 and SR5). 

Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6=10), the following 
loops are connected internally: 
I.The transmitter output is connected to the receiver 

inpu t. _ 

2. DTR is connected to DCD and RTS is connected to 



3. The receiver is clocked by the transmit clock. 

4. The DTR, RT5 andl xD outputs are held high. 

5. The CT§, DCD, DSR and RxD inputs are ignored. 

Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (DTR), and CR5 
(RTS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2651. 

The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6=11). In this mode: 

1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. No data are sent to the local processor, but the error 
statu s cond it ions (P E, O E, FE) areset. 

4. The RxRDY, TxRDY, and TxEMT/DSCHG outputs are 
held high. 

5. CRO (TxEN) is ignored. 

6. All other signals operate normally. 



CR7 


CR6 


CR5 


CR4 


CR3 


CR2 


CR1 


CRO 


Operating Mode 


Request to 
Send 


Reset Error 


Sync/ Async 


Receive 
Control (RxEN) 


Data Terminal 
Ready 


Transmit 
Control (TxEN) 


00 = NORMAL OPERATION 
01=ASYNCH: AUTOMATIC 

ECHO MODE 

SYNCH: SYN AND/OR 


= FORCE RTS 
OUTPUT HIGH 
1= FORCE RTS 
OUTPUT LOW 


0=NORMAL 
1=RESET 
ERROR FLAG 
IN STATUS 
(FE, OE, 
PE/DLE DETECT) 


ASYNCH: 
FORCE BREAK 

0=NORMAL 
1 =FORCE 
BREAK 


= DISABLE 
1=ENABLE 


= forcedtr 
output high 
i=forcedtR 
output low 


o=disable 

1= ENABLE 


DLE STRIP 

10 = LOCALLC 

11 = REMOTEl 


PING MODE 
)OP BACK 
.OOP BACK 


SYNCH: 
SEND DLE 

0=NORMAL 
1=SEND DLE 



TABLE 7 -COMMAND REGISTER (CR) 
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STATUS REGISTER (SR) 



The data contained in the Status Register (as shown in 
Table 8) indicate receiver and transmitter conditions and 
modem/data set status. 

SRO Is the Transmitter Resd" 'TxRDY^ status bit. !t and 
its corresponding output, are valid only when the trans- 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding^ Register is ready to accept data from the 
processor, i his bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loo p Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 

SRI, the Receiver Ready (RxRDY) status bit, indicates 
the condition ofthe Receive DataHolding Register. If set, it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character in the Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Regi ster or w hen the receiver is disabled by CR2. 
When set, the RxRDY output is low. 

The TxEMT/DSCHG bit, SR2 , w hen se t, indicates either 
a change of state of the DSR or DCD inputs or that the 
Transmit Shift Register has completed transmission of a 
character and no new character has been loaded into 
the Transmit Data Holding Register. Note that in syn- 
chronous mode this bit will be set even though the 
appropriate "fill" character is transmitted. TxEMT will not 
go active until at least one character has been trans- 
mitted. It is cleared by loading the Transmit Data Hold- 



ing Register. The DSCHG condition is enabled when 
TxEN = 1 or RxEN = 1 . It is cleared when the Status Reg- 
ister is read by the processor When SR2 is set, the TxEMT/ 
DSCHG output is low. 

SR3, when set, indicates a received parity error when 
parity is enabled by MR14. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the DLE Register has been received. 
However, only the first DLE of two successive DLEs will 
set SR3. This bit is cleared when the receiver is dis- 
abled and by the Reset Error command, CR4. 
The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 

In asynchronous mode, bit SR5 signifies that the re- 
ceived character was not framed by the programmed 
number of stop bits, (if 1.5 stop bits are programmed, 
only the first stop bit is checked.) If the RHR contains all 
O's when SR5=1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the 
Status Register is read by the processor in the syn- 
chronous mode. 

SR6 and SR7 reflect the conditions of the DCD and DSR 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 



SR7 


SR6 


SR5 


SR4 


SR3 


SR2 


SRI 


SRO 


Data Set 
Ready 


Data Carrier 
Detect 


FE/SYN Detect 


Overrun 


PE/DLE Detect 


TxEMT/DSCHG 


RxRDY 


TxRDY 


0= DSR INPUT 
IS HIGH 

1=DSR INPUT 
IS LOW 


0= DCD INPUT 

IS HIGH 
1= DCD INPUT 

IS LOW 


ASYNCH: 

0= NORMAL 

1= FRAMING 

ERROR 


0= NORMAL 

1=0VERRUN 

ERROR 


ASYNCH: 

0=NORMAL 
1 = PARITY 
ERROR 


0=NORMAL 
1= CHANGE 
INDSROR 
DCD, OR 
TFIANSMIT 
SHIFT REGIS- 
TER IS 
EMPTY 


0= RECEIVE 
HOLDING REG 
EMPTY 
1=RECEIVE 
HOLDING REG 
HAS DATA 


0=TRANSMIT 
HOLDING 
REG BUSY 
1=TRANSM1T 
HOLDING 
REG EMPTY 


SYNCH: 

0= NORMAL 
1 =SYN CHAR 
DETECTED 


SYNCH: 

0=NORMAL 
1= PARITY 
ERROR 
OR 

DLECHAR 
RECEIVED 



TABLE 8— STATUS REGISTER (SR) 
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TIMING DIAGRAMS 



TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 

I DATA 1 DATA 2 | DATA 3 | SYN 1 | DATA 4 | 




NOTES 

A = Start bit 

B = Stop bit 1 

C =Stopbit2 

D =TxD marlting condition 

TxEMT goes low at the beginning of the iast data bit, or, if parity isenabled, at the beginning of the parity bit. 



RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 

^ innjifuuiiiririJinjuiJiJi^^ 

I 1 I 2 I 3 ,4 I 5 I 1 I 2 I 3 I 4 ,5 I 1 I 2 I 3 I 4 I 5 . 1 | 2 | 3 | 4 , 5 . 1 | 2 | 3 | 4 | S , 1 , 2 , 3 , 4 , 5 . |_ 

„_„ I SYN 1 I DATA 1 I DATA 2 \ DATA 3 | 0ATA4 | DATA 5 [ 



'_r 



-\f — -^' ^L 



READ 

RHR 

(DATA 1) 



READ 
RHR 

(DATA 2) 



READ READ 

RHR RHR 

(DATA 3) (DATA 3) 




NOTES 

A = Start bit 

B = Stop bit 1 

C = Stop bit 2 

D = TxDmarlting condition 
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TIMING DIAGRAMS (Confd) 



RESET 



-i ^ 



55 :i^ 

PUT) C Y 



TRANSMIT 



1 BIT TIME 
(1, IS, OR 64 CLOCK PERIODS) 



(INPUT) 



}C 



h-xD 



XT 



*T)lD 



Ti(C 
(OUTPUT) 



\ 



■•tcs 



y 



CLOCK 



■'BBH- 

■ •r/th- 



-•brl- 

■•r/TL' 



BRCLK,1^,T!xE 



^' 'L-^' \_ 






RECEIVE 



■•rxs- 



ffi(E(ix) 



"A 



xi: 



* "rxh » 



J' 



READ AND WRITE 



K' 



\ 



^ 



D0-D7 

(WRITE) 



O0-D7 BUS 

(READ) FLOATING 



H— <os— ► 



/ i_ 



■* •CED— »■ 



t 






BUS FLOATING 



«DF 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325''C 

Positive Voltage on any Pin, with respect to ground +18.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 

operation of the device at these or at any other condition above those indicated in the operational sections of this 

specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
^>G output. Forexample.thefeeFiefapovyef supply programmedtodeiiver +12 volts may have largevoltase transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS Ta=0''C to +70'C, Vcc=5.0V ±5% 



AC ELECTRICAL CHARACTERISTICS Ta=0°C to +70° C, Vcc=5.0V ±5% 



NOTE: 

1 . ffl/r and tn/TL shown for all modes except Local Loopback. For Local Loopback mode 
fB/T=0.7 MHz and taTL=700ns min. 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


Input voltage 
ViL Low 
ViH High 


2.0 




0.8 


V 




Output voltage 
Vol Low 
VoH High 


2.4 




0.4 


V 


loL=1.6mA 
loH=-100M 


liL Input leakage current 






10 


M 


ViN=0 to 5.25V 


Output leakage current 
Ilh Data bus high 
III Data bus low 






10 
10 


/iA 


Vo=4.0V 
Vo=0.45V 


1 cc Power supply cu rrent 






150 


mA 




Capacitance 
CiN Input 

Gout Output 

Ci^ Input/Output 






20 
20 
20 


PF 
PF 
pF 


fc=1MHz 

Unmeasured pins tied 

to ground 



PARAMETER 1 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 






Pulse width 














tRES 


Reset 


1000 






ns 






tcE 


Chip enable 


300 






ns 









Setup and hold time 














tAS 


Address setup 


20 






ns 






tAH 


Address hold 


20 






ns 






tcs 


R/W control setup 


20 






ns 






tcH 


R/W control hold 


20 






ns 






tos 


Data setup for write 


225 






ns 






toH 


Data hold for write 









ns 






tRXS 


Rx data setup 


300 






ns 






tRXH 


Rx data hold 


350 






ns 






toD 


Data delay time for read 






250 


ns 


Cl=100pF 




toF 


Data bus floating time 
















for read 






150 


ns 


Cl-100pF 




tcED 


CE to CE delay 


700 






ns 








Input clock frequency 














ffi/r 


Baud rate generator 
TxC or RxC 


1.0 


5.0688 


5.0738 


MHz 






dc 




1.0 


MHz 









Clock width 














tBRH 


Baud rate high 


70 






ns 


fBRG=5.0688MHz 




tBRL 


Baud rate low 


70 






ns 


fBRG=5.0688MHz 




tfi/TH 


TxC or RxC high 


500 






ns 






4. ' 1 


TxC or RxC low 


500 






ns 






tlXD 


TxD delay from falling 
















edge of TxC 






650 


ns 


Cl-100pF 




tics 


Skew between TxD 
















changing and failing 
edge of TxC output 









ns 


Cl=100pF 
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TYPICAL APPLICATIONS 



ASYNCHRONOUS INTERFACE 
TO CRT TERMINAL 



ADDRESS BUS 



CONTROL BUS 



D 




EIA TO TTl 

CONVERT 

(OPT) 



L 




o I nwnnwnwua in I curAUt 

TO TERMINAL OR 

PERIPHERAL DEVICE 



ADDRESS BUS 



CONTROL BUS 




ASYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 



AODflESS BUS 



CONTROL BUS 



MS 



SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 



ADDRESS BUS 



CONTROL BUS 



SIR 
6TH 

COM 2651 ^ 

m 



PHONE 
LINE 

INTER- 
FACE 




CCM 2SS1 



BT5 
ESB 

en 



PHONE 
LINE 

INTiR- 
PACE 



SJDDJNIDARDMICROSYSTEMS ?"■'="" diagrams utilizing SMC products are included as a means of illustrating typical semiconductor aoolica- 
0ORPORAnON.^^SS^^^ ^'°,"^' <=°"^2"enfly complete information sufficient for construction purposis is not necessarily oven The 
v^^xr v^vi-ti jvni^iii^^^g information has been carefully checked and is believed to be entirely reliable. HowevernrresDons^bilitv il 
?J*5?»S *wwN»i™ assumed for inaccuracies. Furthermore, such information doesnotconvey to the purchaser of the semiconductor 
^svices uescri^ed any license under the patent rights of SMC or others. bMC reserves the right to make chanaes 
at any time in order to improve design and supply the best product possible. cnanges 
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STANDARD MICROSYSTEMS 
^RTOR^ON^^^^ 



COM 2661-1 
COM 2661-2 
COM 2661-3 

/iPC FAMILY 



Enhanced Programmable 

Communication Interface 

EPCI 



FEATURES 

n Synchronous and Asynchronous Full Duplex or 

Half Duplex Operations 
D Re-programmable ROM on-chip baud 

rate generator 
n Synchronous Mode Capabilities 

—Selectable 5 to 8-Bit Characters 

—Selectable 1 or 2 SYNC Characters 

— Internal or External Character Synchronization 
—Transparent or Non-Transparent Mode 
—Transparent mode DLE stuffing (Tx) 

and detection (Rx) 
—Automatic SYNC or DLE-SYNC Insertion 
—SYNC, DLE and DLE-SYNC stripping 
—Odd, Even, or No Parity 

— Local or remote maintenance loop back mode 
D Asynchronous Mode Capabilities 

— Selectable 5 to 8-Bit Characters plus parity 
—3 Selectable Clock Rates (IX, 16X, 64X the 

Baud Rate) 

— Line Break Detection and Generation 

— 1, IV2, or 2-Stop Bit Detection and Generation 

— False Start Bit Detection 

— Odd, Even, or No Parity 

— Parity, Overrun, and framing error detect 

— Local or remote maintenance loop back mode 
—Automatic serial echo mode (echoplex) 

D Baud Rates 

— DC to 1.0M Baud (Synchronous) 

— DC to 1.0M Baud (IX, Asynchronous) 

— DC to 62.5K Baud (16X, Asynchronous) 

— DC to 15.625K Baud (64X, Asynchronous) 



PIN CONFIGURATION 








D2 1 C 


Ky 


1 28 D1 


D3 2 L 




J 27 DO 


RxD 3 C 




2 26Vcc 


GND 4 C 




J 25RxC/BKDET 


D4 5 C 
D5 6 C 




3 24DTR 
3 23 RTS 




D6 7 C 




2 22DSR 


D7 8 [; 




2 21 RESET 


TxC/XSYNC 9 [: 
A1 10 Q 
CE11 Q 




J 20BRCLK 
J 19TxD 




J 18TxEMT/DSCHG 


A012 ^ 




2 17CTS 


R/V\/13 C 




■J 16DCD 


RxRDY14 C 


2 ISTxRDY 


Package: 28-pm 


D.I. P. 



D Double Buffering of Data 

n RxC and TxC pins are short circuit protected 

D Internal or External Baud Rate Clock 

ns baud rate sets (2661-1, -2, -3) 

D 16 internal rates for each version 

D Single +5 volt Power Supply 

DTTL Compatible 

D No System Clock Required 

D Compatible with EPCI 2661 



GENERAL DESCRIPTION 



The COM 2661 is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® technology. 
It is an enhanced pin and register compatible 
version of the COM 2651 that meets the majority of 
asynchronous and synchronous data communica- 
tion requirements, by interfacing parallel digital 
systems to asynchronous and synchronous data 
communication channels while requiring a mini- 
mum of processor overhead. The COM2661 
contains a baud rate generator which can be 
programmed to either accept an external clock or 
to generate internal transmit or receive clocks. 
Sixteen different baud rates can be selected under 
program control when operating in the internal 
clock mode. Each version of the COM 2661 (-1, 
-2, -3) has a different set of baud rates. Custom 
baud rates can be ROM reprogrammed to accom- 
modate different baud rates and different starting 
frequencies. 



The COM 2661 is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data com- 
munications. The USART is used as a peripheral 
and is programmed by the processor to com- 
municate in commonly used asynchronous and 
synchronous serial data transmission techniques 
including IBM Bi-Sync. The USART receives serial 
data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the USART will also accept data characters 
from the processor in parallel format, convert them 
to serial format and transmit. The USART will sig- 
nal the processor when it has completely received 
or transmitted a character and requires service. 
Complete USART status including data format 
errors and control signals is available to the 
processor at any time. 
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The COM 2661 is organized into 6 major sections. 
Communication between each section is achieved via 
an internal data and control bus. The data bus buffer 
allows a processor access to all internal registers on the 
COM 2661. The differences between the COM 2661 and 
COM 2651 are outlined in table 1. 

Operation Control 

This functional block stores configuration and opera- 
tion commands from the processor and generates appro- 
priate signals to various internal sections to control the 
overall device operation. It contains read and write cir- 
cuits to permit communications with a processor via the 
data bus and contains Mode Registers 1 and 2, the 
Command Register, and the Status Register. Details of 
register addressing and protocol are presented in the 
COM 2661 programming section of this specification. 

Timing 

The COM 2661 contains a Baud Rate Generator (BRG) 
which is programmable to accept external transmit or 
receive clocks or to divide an external clock to perform 
data communications. The unit can generate 16 com- 
monly used baud rates, any one of which can be selected 
for full duplex operation. Tables 2a, b, and c illustrate all 
available baud rates. 

Receiver 

The Receiver accepts serial data on the RxD pin, con- 
verts this serial input to parallel format, checks for bits 



or characters that are unique to the communication 
technique and stores the "assembled" character in the 
receive data holding register until read by the processor. 

Transmitter 

The Transmitter accepts parallel data from the processor, 
converts it to a serial bit stream, inserts the appropriate 
characters or bits (based on the communication tech- 
nique) and outputs a composite serial stream of data on 
the TxD output pin. 

Modem Control 

The modem control provides three output signals and 
accepts three input signals used for "handshaking" and 
status indication between the COM 2661 and a modem. 

SYN/DLE Control 

This section contains control circuitry and three 8-bit 
registers storing the SYN1, SYN2, and DLE characters 
provided by the processor. These registers are used in 
the synchronous mode of operation to provide the 
characters required for synchronization, idle fill and 
data transparency. 

Interface Signals 

The COM 2661 interface signals can be grouped into 
two types: the processor-related signals (shown in Table 
3) which interface the COM 2661 to the processor, and 
the device-related signals (shown in Table 4). which are 
used to interface to the communications equipment. 
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TABLE 3— PROCESSOR RELATED SIGNALS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1,2,5,6, 
7,8,27,28 


Data 


D7-D0 


Bidirectional; 8 bit, three state data bus used to transfer commands, data and status 
between the COM 2661 and a processor. D0 is the least significant bit; D7 is the most 
significant bit. 


10,12 


Address 


A1,A0 


Input; Address lines used to select COM 2661 registers. 


11 


Chip Enable 


CE 


Input; when this signal is low, the operation specified by the R/W, A1 and A0 will be 
performed. When this input is high, D7-0are in the high impedance state. 


13 


Read/Write 


R/W 


Input; Processor read/write direction control. This signal defines the direction of the 
data bus D7-0 when the COM 2661 is selected. D7-0 drives out (read) when this signal is 
low and accepts data input when this signal is high. The input only has meaning when 
the CE input is active. 


14 


nSGSIVSF TiSSOy" 


RxRBY 


-Outtxit; Tte signal is the coniplement of Stattjs-Register bit t (SR1). When tow, it 
indicates that the Receive Data Holding Register (RHR) has a character ready for input 
to the processor. It goes high when the RHR is read by the processor, and also when 
the receiver is disabled. It is an open drain output which can be used as an interrupt 
to the processor. 


15 


Transmitter 
Ready 


TxRDY 


Output; This signal is the complement of Status Register bit (SRO). When low, it 
indicates that the Transmit Data Holding Register (THR) is ready to accept a data 
characterfrom the processor. It goeshigh when thedatacharacterisloaded.Thisoutput 
is valid only when the transmitter is enabled. It is an open drain output which can be 
used as an interrupt to the processor. 


18 


Transmitter 
empty /data 
set change 


TxEMT/ 
DSCHG 


Output; This signal is the complement of Status Register bit 2 (SR2). When low, it 
indicates that the transmitter has completed serialization of the last character loaded 
by the processor, or that a change of state of the DSR or DCD inputs has occurred. 
This output goes high when the Status Register is read by the processor, if the 
TxEMT condition does not exist. Otherwise, the THR must be loaded by the processor 
for this line to go high. It is an open drain output which can be used as an interrupt 
to the processor. 


21 


Reset 


Reset 


Input; A high on this input performs a master reset on the COM 2661. This signal 
asynchronously terminates any device activity and clears the Mode, Command and 
Status registers. The device assumes the idle state and remains there until initialized 
with the appropriate control words. 


26 


Supply Voltage 


Vcc 


+ 5 volts supply. 


4 


Ground 


GND 


Ground. 



TABLE 4— DEVICE RELATED SIGNALS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


3 


Receive Date 


RxD 


Input; Serial data to the receiver. "Mark" is high "space" is low. 


9 


Transmitter 

Clock/External 

Sync 


TxC/ 
XSYNC 


Input or Output; If the external transmitter clock is programmed, this input controls 
the rate at which the character is transmitted. Its frequency is IX, 16X or 64X, the Baud 
rate as programmed by Mode Register 1. The transmitted data changes on the falling 
edge of the clock. If the internal transmitter clock is programmed, this pin can be a 
1X/16X clock output or an external jam synchronization input. 


16 


Data Carrier 
Detect 


DCD 


Input; This signal must be low in order for the receiver to function. The complement 


appears in the Status Register bit 6 (SR6). DCD causes a low output on TxEMT/DSCHG 
when Its state changes if CR2 or CRO= 1. If DCD goes high while receiving, the RxC 
is internally inhibited. 


17 


Clear to Send 


CTS 


Input; This signal must be low in order for the transmitter to function. If it goes high 
during transmission, the character in the Transmit Shift Register will be transmitted 
before termination. 


19 


Transmit Data 


TxD 


Output; Serial data from the transmitter. "Mark" Is high, "Space" is low. This signal is 
held in the "Mark" condition when the transmitter is disabled. 


20 


Baud Rate Clock 


BRCLK 


Input; Clock input to the internal baud rate generator (See Tables 2a, b and c) ; not 
required if the external receiver and transmitter clocks are used. 


22 


Data Set Ready 


DSR 


Input; This general purpose signal can be used for Data Set Ready or Ring Indicator 
condition. Its comolement appears as Status Reaister bit 7 (SR7). bSft causes a low 
output on TxEMT/DSCHG when its state changes if CR2 or CR0=1. 


23 


Request to Send 


RTS 


Output; This general purpose signal is the complement of the Command Register bit 5 
(CR5). It is normally used to indicate Request to Send. If the Transmit Shift Registeris not 
empty when CR5 is reset (1 to 0), then RtS will go high on TxC time after the last serial 
bit is transmitted. 


24 


Data Terminal 
Ready 


DTR 


Output; This general purpose signal is the complement of the Command Register 
bit 1 (CR1). It is normally used to indicate Data Terminal Ready. 


25 


Receive Clock/ 
Break Detect 


RxC/ 
BKDET 


Input or Output; If the external receiver clock is programmed, this input controls the 
rate at which the character is to be received. Its frequency is IX, 16X, or 64X the Baud 
rate, as programmed by Mode Register 1. Data are sampled on the rising edge of the 
clock. If internal receiver clock is programmed, this pin can be a 1X/16X clock or a 
break detect output. 
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Table 1 COM 2661 vs. COM 2651 



FEATUBE 


EPCI 


PCI 


1.MR2Bit6.7 


Control pin 9, 25 


Not used 


2. OLE deteci-SB3 


SR3=0forDLE-DLE, 
DLE-SYNC1 


SR3 = 1forDLE-DLE, 
DLE-SYNC1 


3. Res8lotSR3,DLE 
detect 


Second cfiaracter after 
DLE: or receiver 

disable, or CR4=1 


Receiver disable, or 
CR4 = 1 


-■~"""^'--""-' 




TxRDY '"" 


5. OLE stuffing in 
transparent mode 


Automatic DLE stuffing 
when DLE is loaded 
except if CR3=1 


None 


6, SYNC1 stripping 
in double sync 
non-transparent 
mode 


All SYNC1 


First SYNC1 ol pair 


7. Baud rate versions 


Three 


One 


8. Terminate ASYNC 
transmission 
(dropRTSI 


Reset GR5 in response to 
TxRDY changing from 
Otol 


Reset CRO when TxEMT 
goes from 1 to 0. Then 
reset CR5 when TxEMT 
goes from to 1 


9. Break detect 


Pin 25' 


FE and null character 


10. Stop bit searched 


One 


Two 


1 1 . External jam sync 


Pin 9' 


No 


12. Data bus timing 


Improved over 2651 


- 


13. Data bus drivers 


Sink 2.2mA 
Source 400/iA 


Sink 1.6mA 
Source lOO/jA 



NOTES 

1 , Internal BRG u 

2, IniernalBRGu 



Table 2a BAUD RATE GENERATOR CHARACTERISTICS 
2661-1 (BRCLK = 4.9152MHz) 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-2a 


RATE 


16X CLOCK 


ERROR 


DIVISOR 


0000 


50 


0.8kHz 


_ 


6144 


0001 


75 


1.2 


— 


4096 


0010 


110 


1.7598 


-0.01 


2793 


0011 


134.5 


2.152 


— 


2284 


0100 


150 


2.4 


— 


2048 


0101 


200 


3.2 


— 


1536 


0110 


300 


4.8 


— 


1024 


0111 


600 


9.6 


— 


512 


1000 


1050 


16.8329 


0196 


292 


1001 


1200 


19.2 


— 


256 


1010 


1800 


28.7438 


-019 


171 


1011 


2000 


31.9168 


-0.26 


154 


1100 


2400 


38.4 


— 


128 


1101 


4800 


76.8 


— 


64 


1110 


9600 


153.6 


— 


32 


1111 


19200 


307.2 


- 


16 



Table 2b BAUD RATE GENERATOR CHARACTERISTICS 
2661 -2 (BRCLK=4.9152MHz) 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-20 

0000 


RATE 

45.5 


16X CLOCK 


ERROR 


DIVISOR 


0.7279kH2 


0.005 


6752 


0001 


50 


0.8 


— 


6144 


0010 


75 


12 


— 


4096 


0011 


110 


1.7598 


-0.01 


2793 


0101 


150 


2.4 


_ 


2048 


0110 


300 


4.8 


— 


1024 


0111 


600 


9.6 


— 


512 


1000 


1200 


19.2 


— 


256 


1001 


1800 


28.7438 


-0.19 


171 


1010 


2000 


31.9168 


-0.26 


154 


1011 


2400 


38.4 


— 


128 


1100 


4800 


76.8 


— 


64 


1101 


9600 


153,6 


— 


32 


1110 


19200 


307.2 


— 


16 


1111 


38400 


6144 


— 


8 



Table 2c BAUD RATE CHARACTERISTICS 
2661 -3 (BRCLK = 5.0688MHz) 







ACTUAL 








BAUD 


FREQUENCY 


PERCENT 




MR23-20 

0000 


RATE 


1EX CLOCK 


ERROR 


DIVISOR 


50 


0.8kHz 


- 


6336 


0001 


75 


1.2 


— 


4224 


0010 


110 


1.76 


— 


2880 


0011 


134.5 


2.1523 


0.016 


2355 


0100 


150 


2.4 


— 


2112 


0101 


300 


4.8 


— 


1056 


0110 


600 


9.6 


— 


528 


0111 


1200 


19.2 


— 


264 


1000 


1800 


28.8 


— 


176 


1001 


2000 


32.081 


0253 


158 


1010 


2400 


38.4 


— 


132 


1011 


3600 


57.6 


.— 


88 


1100 


4800 


76.8 


— 


66 


1101 


7200 


115.2 


— 


44 


1110 


9600 


153.6 


— 


33 


1111 


19200 


316.8 


3.125 


16 



COM 2661 OPERATION 



The functional operation of tiie COM 2661 is programmed 
by a set of control words supplied by the processor 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. The programming procedure is described 
in the COM 2661 Programming section of this data sheet. 

After programming, the COM 2661 is ready to perform 
the desired communications functions. The receiver 
performs serial to parallel conversion of data received 
from a modem or equivalent device. The transmitter 
converts parallel data received from the processor to a 
serial bit stream. These actions are accomplished within 
the framework specified by the control words. 
Receiver 

The COM 2661 is conditioned to receive data when the 
DCD input is low and the HxbN bit in the command 
register is true. In the asynchronous mode, the receiver 
looks for a high to low (mark to space) transition of the 
start bit on the RxD input line. If a transition is detected, 
the state of the RxD line is sampled again after a delay of 
one-half of a bit time. If RxD is now high, the search for 
a valid start bit is begun again. If RxD is still low, a valid 
start bit is assumed and the receiver continues to sample 
the input line at one bit time intervals until the proper 
number of data bits, the parity bit, and one stop bit have 
been assembled. The data is then transferred to the 
Receive Data Holding Regis ter, the RxRDY bit in the 
status register is set, and the RxRDY output is asserted. 
If the character length is less than 8 bits, the high order 
unused bits in the Holding Register are set to zero. The 
Parity Error, Framing Error, and Overrun Error status 



bits are strob ed int o the status register on the positive 
going edge of RxC corresponding to the received char- 
acter boundary. If the stop bit is present, the receiver will 
immediately begin its search for the next start bit. If the 
stop bit is absent (framing error), the receiver will inter- 
pret a space as a start bit if it persists into the next bit 
time interval. If a break condition is detected (RxD is 
low for the entire character as well as the stop bit), only 
one character consisting of all zeros (with the Framing 
error status bit set) will be transferred to the Holding 
Register. The RxD input must return to a high condition 
before a search for the next start bit begins. 

Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. If so, a detected 
break will cause that pin to go high. When RxD returns to 
mark for one RxC time '^in 25 will "o low. Refer to the 
break detection timing diagram. 

When the COM 2661 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a to 1 
transition of RxEN (CR2). In this mode, as data is shifted 
into the Receiver Shift Register a bit at a time, the con- 
tents of the register are compared to the contents of the 
SYN1 register. If the two are not equal, the next bit is 
shifted in and the comparison is repeated. When the two 
registers match, the hunt mode is terminated and char- 
acter assembly begins. If the single SYN operation is 
programmed, the SYN DETECT status bit is set. If double 
SYN operation is programmed, the first character assem- 
bled after SYN1 must be SYN2 in order for the SYN 
DETECT bit to be set. Otherwise, the COM 2661 returns 
to the hunt mode. (Note that the sequence SYN1-SYN1- 
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SYN2 will not achieve synchronization). When syn- 
chronization has been achieved, the COM 2661 con- 
tinues to assemble characters and transfers them to the 
Holding Register. The RxRDY status bit is set and the 
RxRDY output is asserted each time a character is assem- 
bled and transferred to the Holding Register. The Overrun 
error (OE) and Parity error (PE) status bits are set as 
appropriate. Further receipt of the proper SYN sequence 
sets the SYN DETECT status bit. If the SYN stripping 
mode is commanded, SYN characters are not trans- 
ferred to the Holding Register. Note that the SYN char- 
acters used to establish initial synchronization are not 
transferred to the Holding Register in any case. 

External jam synchronization can be achieved via pin 9 
by approp r iate setting of MR27-MR24. When pin 9 is an 
XSYNC input, the internal SYN1, SYN1-SYN2, and DLE- 
SYN1 detection is disabled. Each positive going signal 
on XSYNC will cause the receiver to establish synchro- 
nization on the rising edge of the next RxC pulse. 
Character assembly will start with the RxD input at this 
edge. XSYNC may be lowered on the next rising edge of 
RxC. This external synchronization will cause the SYN 
DETECT status bit to be set until the status register is 
read. Refer to XSYNC timing diagram. 

Transmitter 

The COM 2661 is conditioned to transmit data when the 
CTS input is low and the TxEN command register bit is 
set. The COM 2661 indicates to the processor that it can 
accept a character for transmi ssion b y setting the 
TxRDY status bit and asserting the TxRDY output. When 
the processor writes a character into the Transmit Data 
Holding Register, the TxRDY status bit is reset and the 
TxRDY output is returned to a high (false) state. Data 
is transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed trans- 
mission of the previous character. The TxRDY condi- 
tions are then asserted again. Thus, one full character 
time of buffering is provided. 

In the asynchronous mode, the transmitter automatically 
sends a start bit followed by the programmed number 
of data bits, the least significant bit being sent first. It then 
appends an optional odd or even parity bit and the pro- 
grammed number of stop bits. If, following transmission 
of the data bits, a new character is not available in the 
Transmit Holding Register, the TxD o utput remains in 
the marking (high) condition and the TxEMT/DSCHG 
output and its corresponding status bit are asserted. 
Transmission resumes when the processor loads a new 
character into the Holding Register. The transmitter can 
be forced to output a continuous low (BREAK) condi- 
tion by setting the Send Break command bit high. 

In the synchronous mode, when the COM 2661 is initially 
conditioned to transmit, the TxD output remains high and 
the TxRDY condition is asserted until the first character to 
be transmitted (usually a SYN character) is loaded by the 
processor. Subsequent to this, a continuous stream of 
characters is transmitted. No extra bits (other than parity, 
if commanded) are generated by the COM 2661 unless the 
processor fails to send a new character to the COM 2661 
by the time the transmitter has completed sending the 
previous character. Since synchronous communication 
does not allow gaps between characters, the COM 2661 
asserts TxEMT and automatically "fills" the gap by 
transmitting SYNIs, SYN1-SYN2 doublets, or DLE-SYN1 
doublets, depending on the state of MR16 and MR17. 
Normal transmission of the message resumes when a new 
character is available in the Transmit Data Holding 
Register. If the SEND DLE bit in the command register is 
true, the DLE character is automatically transmitted 
prior to transmission of the message character in the 
transmit holding register. 



COM 2661 PROGRAMMING 

Prior to initiating data communications, the COM 2661 
operational mode must be programmed by performing 
write operations to the mode and command registers. 
In addition, if synchronous operation is programmed, 
the appropriate SYN/DLE registers must be loaded. The 
COM 2661 can be reconfigured at any time during pro- 
gram execution. A flow chart of the initialization process 
appears in Figure 1. 

The internal registers of the COM 2661 are accessed by 
applying specific signals to the CE, R/W, A1 and AO 
inputs. The conditions necessary to address each register 
are shown in Table 5. 

The SYN 1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A1 =0, 
A0=1, and R/W=1. The first operation loads the SYN1 
register. The next loads the SYN2 register, and the third 
loads the DLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1, and a sub- 
sequent operation addresses Mode Register 2. If more 
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than the required number of accesses are made, the 
internal sequencer recycles to point at the first register. 
The pointers are reset to SYN1 Register and Mode 
Register 1 by a RESET input or by performing a "Read 
Command Register" operation, but are unaffected by any 
other read or write operation. 

The COM 2661 register formats are summarized in 
Tables 6, 7, 8 and 9. Mode Registers 1 and 2 define the 
general operational cnaracteristics or tne Cum iibbi, 
while the Command Register controls the operation 
within this basic framework. The COM 2661 indicates 
its status in the Status Register. These registers are 
cleared when a RESET input is applied. 





1 


r — ■■ 






CE 


A1 


AO 


R/W 


FUNCTION 


1 


X 


X 


X 


Tri-state data bus 














Read receive holding register 











1 


Write transmit tiolding register 








1 





Read status register 








1 


1 


Write SYN1/SYN2/DLE registers 





1 








Read mode registers 1 and 2 





1 





1 


Write mode registers 1 and 2 





1 


1 





Read command register 





1 


1 


1 


Write command register 



NOTE 

See AC Characteristics section for timing requirements. 

Table 5-COM 2661 REGISTER ADDRESSING 



MODE f^gQiSTER 1 (MR1) 



Table 6 illustrates Mode Register 1. Bits MRU and MR10 
select the communication format and Baud rate multi- 
plier. 00 specifies synchronous mode and IX multiplier. 
IX, 16X, and 64X multipliers are programmable for 
asynchronous format. However, the multiplier in asyn- 
chronous format applies only if the external clock input 
option is selected by MR24 or MR25. 

MR13 and MR12 select a character length of 5, 6, 7, or 8 
bits. The character length does not include the parity bit, 
if programmed, and does not include the start and stop 
bits in asynchronous mode. 

MR14 controls parity generation. If enabled, a parity bit 
is added to the transmitted character and the receiver 
performs a parity check on incoming data. MR15 selects 
odd or even parity when parity is enabled by MR14. 



In asynchronous mode, MR17 and MR16 select character 
framing of 1, 1.5, or 2 stop bits (if IX baud rate is pro- 
grammed, 1.5, stop bits defaults to 1 stop bits on trans- 
mit). In synchronous mode, MR17 controls the number 
of SYN characters used to establish synchronization 
and for character fill when the transmitter is idle. SYN1 
alone is used if MR17=1, and SYN1-SYN2 is used when 
MR17=0. If the transparent mode is specified by MR16, 
DLE-SYN1 is used for character fill and SYN Detect, but 
the normal synchronization sequence is used. When 
transmitting, a DLE character in the transmit holding 
register will cause a second DLE character to be trans- 
mitted. This DLE stuffing eliminates the software DLE 
compare and stuff on each transparent mode data char- 
acter. If the send DLE command (CR3) is active when a 
DLE is loaded into THR, only one additional DLE will be 
transmitted. Also DLE stripping and DLE Detect (with 
MR14=0) are enabled. 



MR17 


MR16 


MR1S 


MR14 


MR13 


MR12 


MR11 


MR10 


Sync/Async 


Parity Type 


Parity Control 


Character LengtIi 


Mode and Baud Rate Factor 


ASYNCH: STOP BIT LENGTH 










00=INVALID 


0=ODD 


0=DISABLED 


00=5 BITS 


00=SYNCHRONOUS IX RATE 


01=1 STOP BIT 


1 = EVEN 


1=ENABLED 


01 =6 BITS 


01= ASYNCHRONOUS IX RATE 


10=1% STOP BITS 






10=7 BITS 


10=ASYNCHRONOUS 16X RATE 


11 =2 STOP BITS 






11=8 BITS 


11=ASYNCHR0N0US 64X RATE 


SYNCH: NUMBER 


SYNCH: TRANS- 


OFSYNCHAB 


PARENCY CONTROL 










0=DOUBLE SYN 


0=NORMAL 










1=SINGLESYN 


1=TRANSPARENT 











NOTE Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if 
internal clock is selected. Mode must be selected (MR11, MR10) in any case. 



TABLE 6— MODE REGISTER 1 (MR1) 



MODE REGISTER 2 (MR2) 



Table 7 illustrates mode register 2 (MR23, MR22, MR21 
and MR20 control the frequency of the internal baud rate 
generator (BRG). Sixteen rates are selectable for each 
COM 2661 version (-1, -2, -3). Version 1 and 2 speci- 
fy a 4.9152 MHz TTL input at BRCLK (pin 20); version 
3 specifies a 5.0688 MHz input which is identical to the 



COM 2651. MR23-20 are don't cares if external clocks 
are selected (MR25-24=0). The individual rates are 
given in table 2a, b and c. 

MR24-MR27 select the receive and transmit clock source 
(either the BRG or an external input) and the function 
at pins 9 and 25. Refer to table 7. 



MR-27-MR24 


MR23-IMR20 




TxC 


RxC 


Pin 9 


Pin 25 


TxC 


RxC 


Pin 9 


Pin 25 


Mode 


Baud Rate Selection 


0000 


E 


E 


TxC 


RxC 


1000 E 


E 


XSYNC 


RxC/TxC 


sync 




0001 


E 


1 


TxC 


IX 


1001 E 


1 


TxC 


BKDET 


async 




0010 


1 


E 


IX 


RxC 


1010 1 


E 


XSYNC 


RxC 


sync 




0011 


1 


1 


IX 


IX 


1011 1 


1 


IX 


BKDET 


async 


See baud rates in table 2 


0100 


E 


E 


TxC 


RxC 


1100 E 


E 


XSYNC 


RxC/TxC 


sync 




0101 


E 


1 


TxC 


16X 


1101 E 


1 


TxC 


BKDET 


async 




0110 


1 


E 


16X 


RxC 


1110 1 


E 


XSYNC 


RxC 


sync 




0111 


1 


1 


16X 


16X 


1111 1 


1 


16X 


BKDET 


async 





NOTES 

1. When pin 9 is programmed as XSYNC input, SYN1, SYN1-SYN2, and DLE-SYN1 detection is disabled. 

TABLE 7— MODE REGISTER 2 (MR2) 
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E= External clock I = Internal clock (BRG) 
IX and 16X are clock outputs 



COMMAND REGISTER (CR) 



Table 8 illustrates the Command Register. Bits CRO (TxEN) 
and CR2 (RxEN) enable or disable the transmitter and 
receiver respectively. A to 1 transition of CR2 forces 
start bit search (asyn c mode) or hunt mode (sync mode) 
on the second RxC rising edge. Disabling the receiver 
causes RxRDY to go high (inactive). If the transmitter is 
disabled, it will complete the transmission of the character 
in the Transmit Shift Register (if any) prior to terminat- 
ing operation. The TxD output will the n re main in the 
marking state (high while the TxRDY and TxEMT will 
go high (inactive). If the receiver is disabled, it will termi- 
nate operation immediately. Any character being assem- 
bled will be neglected. Bits CR1 (DTR) and CR5 (RTS) 
control the-DTRaftdflTS^outputSrT^ata at the outputs 
are the logical complement of the register data. 
In asynchronous mode, setting CR3 will force and hold 
the TxD output low (spacing condition) at the end of the 
current transmitted character. Normal operation resumes 
when CR3 is cleared. The TxD line will go high forat least 
one bit time before beginning transmission of the next 
character in the Transmit Data Holding Register. In syn- 
chronous mode, setting CR3 causes the transmission 
of the DLE register contents prior to sending the char- 
acter in the Transmit Data Holding Register. Since this is 
a one time command, CR3 does not have to be reset by 
software. CR3 should be set when entering and exiting 
transparent mode and for all DLE— non-DLE char- 
acter sequences. 

Setting CR4 causes the error flags in the Status Register 
(SR3, SR4, and SR5) to be cleared. This is a one time 
command. There is no in ternal latch for this bit. When 
CR5 (RTS) is set, the RTS pin is forced low and the trans- 
mit se rial lo gic is enabled. A 1 to transition of CR5 will 
cause RTS to go high (inactive) one TxC time after the 
last serial bit has been transmitted (if the transmit shift 
register was not empty). 

The COM 2661 can operate in one of four sub-modes 
within each major mode (synchronous or asynchronous). 
The operational sub-mode is determined by CR7 and 
CR6. CR7-CR6=00 is the normal mode, with the trans- 
mitter and receiver operating independently in accor- 
dance with the Mode and Status Register instructions. 

In asynchronous mode, CR7-CR6=01 places the COM 
2661 in the Automatic Echo mode. Clocked, regenerated 
received data are automatically directed to the TxD line 
while normal receiver operation continues. The receiver 
must be enabled (CR2 = 1), but the transmitter need not 
be enabled. Processor to receiver communications con- 
tinue normally, but the processor to transmitter link 
is disabled. Only the first character of a break condi- 
tion is echoed. The TxD output will go high until the 
next valid start is detected. The following conditions 
are true while in Automatic Echo mode: 
1. Data assembled by the receiver are automatically 



placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The tra nsmitter is clocked by the receive clock. 

3. TxR DY output=1. 

4. The TxEMT/DSCHG pin will reflect only the data set 
change condition. 

5. The TxEN command (CRO) is ignored. 

In synchronous mode, CR7-CR6=01 places the COM 
2661 in the Automatic SYN/DLE Stripping mode. The 
exact action taken depends on the setting of bits MR17 
and MR16: 

1. In the non-transparent, single SYN mode (MR17- 
MR16=10), characters in the data stream matching 
SYt^lt are Tiorrransf erred to the Receive Data Motdtng 
Register (RHR). 

2. In the non-transparent, double SYN mode (MR17- 
MR16=00), characters in the data stream matching 
SYN1, or SYN2 if immediately preceded by SYN1, are 
not transferred to the RHR. 

3. In transparent mode (MR16 = 1), characters in the 
data stream matching DLE, or SYN1 if immediately 
preceded by DLE, are not transferred to the RHR. 
However, only the first DLE of a DLE-DLE pair is 
stripped. 

Note that Automatic Stripping mode does not affect the 
setting of the DLE Detect and SYN Detect status bits 
(SR3 and SR5). 

Two diagnostic sub-modes can also be configured. In 
Local Loop Back mode (CR7-CR6 = 10), the following 
loops are connected internally: 

1 . The transmitter output is connected to the receiver 
inpu t. 

2. DTR is connected to DCD and RTS is connected to 

cTs: 

3. The rece i ver is cloc ked by the transmit clock. 

4. The DTR , RTS and T xD outputs are held high. 

5. The CTS, DCD, DSR and RxD inputs are ignored. 
Additional requirements to operate in the Local Loop 
Back mode are that CRO (TxEN), CR1 (DTR), and CR5 
(RTS) must be set to 1. CR2 (RxEN) is ignored by the 
COM 2661. 

The second diagnostic mode is the Remote Loop Back 
mode (CR7-CR6= 11). In this mode: 

1. Data assembled by the receiver is automatically 
placed in the Transmit Holding Register and retrans- 
mitted by the transmitter on the TxD output. 

2. The transmitter is clocked by the receive clock. 

3. No data are sent to the local processor, but the error 
stat us cond i tions (R E, O E, FE) are set. 

4. The RxRDY TxRDY, and TxEMT/DSCHG outputs are 
held high. 

5. CR1 (TxEN) is ignored. 

6. All other signals operate normally. 




Operating Mode 



Request to 
Send 



Sync/ Async 



Receive 
Control (RxEN) 



Data Terminal 
Ready 



Transmit 
Control (TxEN) 



00 = NORMAL OPERATION 

01 =ASYNCH: AUTOMATIC 

ECHO MODE 
SYNCH: SYN AND/OR 
DLE STRIPPING MODE 

10 = LOCAL LOOP BACK 

1 1 = REMOTE LOOP BACK 



FORCE RTS 
OUTPUT HIGH 
ONE CLOCK 
TIME AFTER 
TxSR SERIAL- 
IZATION 

1 FORCE RTS- 
OUTPUT LOW 



0=NORMAL 
1=RESET 
ERROR FLAG 
IN STATUS 
(FE, OE, 
PE/DLE DETECT) 



ASYNCH: 
FORCE BREAK 

0=NORMAL 
1 =FORCE 
BREAK 



= DISABLE 
1=ENABLE 



SYNCH: 
SEND DLE 

0=NORMAL 
1=SEND DLE 



= FORCE DTR 
OUTPUT H IGH 
1=F0RCEDTR 
OUTPUT LOW 



= DISABLE 

1 = ENABLE 



TABLE 8— COMMAND REGISTER (CR) 
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STATUS REGISTER (SR) 



The data contained in the Status Register (as shown in 
Table 9) indicate receiver and transmitter conditions and 
modem/data set status. 

SRO is the Transmitter Ready (TxRDY) status bit. It, and 
i+o /^rvi-i-ocrM-ipHinn oMti^ut BT? Valid oh!^' whep th? tr?T!S~ 
mitter is enabled. If equal to 0, it indicates that the 
Transmit Data Holding Register has been loaded by the 
processor and the data has not been transferred to the 
Transmit Shift Register. If set equal to 1, it indicates that 
the Holding Register is ready to accept data from the 
processor This bit is initially set when the Transmitter 
is enabled by CRO, unless a character has previously 
been loaded into the Holding Register. It is not set when 
the Automatic Echo or Remote Loop Back modes are 
programmed. When this bit is set, the TxRDY output pin 
is low. In the Automatic Echo and Remote Loop Back 
modes, the output is held high. 

SRI, the Receiver Ready (RxRDY) status bit, indicates 
the condition of the Receive Data Holding Register. If set.it 
indicates that a character has been loaded into the 
Holding Register from the Receive Shift Register and is 
ready to be read by the processor. If equal to zero, there 
is no new character injhe Holding Register. This bit is 
cleared when the processor reads the Receive Data 
Holding Regist er or wh en the receiver is disabled by CR2. 
When set, the RxRDY output is low. 

The TxEMT/DSCHG bit. SR2 . w hen s et, indicates either 
a change of state of the DSR or DCD inputs (when CR2 
or CR0 = 1) or that the Transmit Shift Register has com- 
pleted transmission of a character and no new character 
has been loaded into the Transmit Data Holding Register. 
Note that in synchronous mode this bit will be set even 
though the appropriate "fill" character is transmitted. 
TxEMT will not go active until at least one character has 
been transmitted. It is cleared by loading the Transmit 
Data Holding Register. The DSCHG condition is enabled 
when TxEN = 1 orRxEN = 1. It is cleared when the status 



register is read by the processor. If the status register is 
read twice and SR2 = 1 while SR6 and SR7 remain 
unchan ged, then a TxEM T condition exists. When SR2 is 
set, the TxEMT/DSCHG output is low. 

.*^R.'^ whpn Rpt indiratps a rprpiwArl narity prrnr whpn 

parity is enabled by MRU. In synchronous transparent 
mode (MR16=1), with parity disabled, it indicates that 
a character matching the DLE Register has been received, 
and the present character is neither SYN1 nor DLE. This 
bit is cleared when the next character following the 
above sequence is loaded into the Receive Data Holding 
Register, when the receiver is disabled, or by a reset 
error command, CR4. 

The Overrun Error status bit, SR4, indicates that the 
previous character loaded into the Receive Holding 
Register was not read by the processor at the time a new 
received character was transferred into it. This bit is 
cleared when the receiver is disabled and by the Reset 
Error command, CR4. 

In asynchronous mode, bit SR5 signifies that the re- 
ceived character was not framed by a stop bit, i.e., only 
the first stop bit is checked. If the RHR contains all 
O's when SR5=1, a break condition is present. In syn- 
chronous non-transparent mode (MR16=0), it indicates 
receipt of the SYN1 character in single SYN mode or the 
SYN1-SYN2 pair in double SYN mode. In synchronous 
transparent mode (MR16=1), this bit is set upon detec- 
tion of the initial synchronizing characters (SYN1 or 
SYN1-SYN2) and, after synchronization has been 
achieved, when a DLE-SYN1 pair is received. The bit is 
reset when the receiver is disabled, when the Reset Error 
command is given in asynchronous mode, or when the 
Status Register is read by the processor in the syn- 
chronous mode. 

SR6 and SR7 reflect the conditions of the DCD and DSR 
inputs respectively. A low input sets the corresponding 
status bit and a high input clears it. 



SR7 


SR6 


SR5 


SR4 


SR3 


SR2 


SR1 


SRO 


Data Set 
Ready 


Data Carrier 
Detect 


FE/SYN Detect 


Overrun 


PE/DLE Detect 


TxEMT/DSCHG 


RxRDY 


TxRDY 


. 0=DSRINPUT 

ISHIGH 

1 = DSR INPUT 

IS LOW 


= DCD INPUT 

ISHIGH 
1= DCD INPUT 

(SLOW 


ASYNCH: 

0=NORMAL 

1= FRAMING 

ERROR 


0=NORMAL 

1= OVERRUN 

ERROR 


ASYNCH: 

0=NORMAL 
1 = PARITY 
ERROR 


0= NORMAL 
1= CHANGE 
INDSROR 
DCD, OR 
TRANSMIT 
SHIFT REGIS- 
TER IS 
EMPTY 


0= RECEIVE 

HOLDING REG 

EMPTY 

1 = RECEIVE 

HOLDING REG 

HAS DATA 


= TRANSMIT 
HOLDING 
REG BUSY 

1 = TRANSMIT 
HOLDING 
REG EMPTY 


SYNCH: 

0= NORMAL 
1= SYN CHAR 
DETECTED 


SYNCH: 

0=NORMAL 
1 = PARITY 
ERROR 
OR 

DLE CHAR 
RECEIVED 
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TIMING DIAGRAMS 



TxRDY, TxEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 

--'innjmnnnnnnnnnmn^ 

I 2 I 3 I « I 5 I 1 I Z I 3 I 4 , 5 . 1 I 2 I 3 I 4 , S ■ 1 I ; I 3 I 4 , 5 I 1 I 2 I 3 I 4 I 5 I 




NOTES 

A = Start bit 

B = Stop bit 1 

C =Stopbil2 

D -TxD marking condition 

TxElvlT goes low ^t the beginning of the last data bit. or. if parity is enabled, at the beginning of the parity bit. 



RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode]) 



-c ijirifuuiriruirLrLJUiJiJiri^ 



I 2 I 3 |4 1 5 . 1 I 



2 I 3 I 4 I 5 I 1 I 2 , 3 1 4 , 5 , 1 , 2 | 3 | 4 , 5 . 1 | 2 , 3 | 4 , 5 . 1 , 2 , 3 , 4 




^_r 



^^^^^^ 



READ 

RHR 

(DATA1) 



READ 

RHR 

(DATA 2) 



READ READ 

RHR RHR 

(DATA 3) (DATA 3) 




NOTES 



A = Start bit 

B = Stop bit 1 

C = Stop bit 2 

D = TxD marking conditic 
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TIMING DIAGRAMS (Cont'd) 



RESET 



_i ^ 



CLOCK 



BHCLK, 'fiiS, ??!(TI! • 



■ 'BRH - 

■'r/th- 



-•bbl- 
■« — 'r/tl ■ 



-j' \—,' \_ 



VtBRQ . 

, 1/fp/T • 



TxC 
(INPUT) 



"^W 



TRANSMIT 



1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) 



RECEIVE 



^^^ 



J 



•TxD 



TxC 
(OUTPUT) 



HxC(IX) 




V 



/ 



READ AND WRITE 



EXTERNAL SYNCHRONIZATION WITH XSYNC 

.0 j-i_ri_rLri_ri_rL 

les^ 1^— j te, XSYNC SETUP TIME 300ns 

Ih XSYNC HOLD TIME ONE RxC 



Jl L 



\ 




D0-D7 

(WRITE) 



D0-D7 BUS 

(READ) FLOATING 



rem 

!-•— 'ds— ^ 




NOT 
VALID 



t L 






DGDdXZXIXDGX 



CHARACTER ASSEMBLY 



oncMi\ wc I CO I iwi'« I imiixwi 



«DF h 



BUS FLOATING 



Rx CHARACTER 5 BITS, NO PARITY 



J LOOK FOR START BIT LOWdF RxD IS HIGH,! 
I LOOK FOR HIGH TO LOW TRANSITION) j 

f false' start bit check made (RxD LOW) I 



MISSING STOP BIT. 
DETECTED 
SET FE Bir 



1ST DATA BIT 
SAMPLED 



J 



NOTE 

'If the stop bit is present, the start bit 
search will commence Immediately. 



MISSING STOP BIT DETECTED, 

set fe bit 

• rhr, activate RxRDY. 

SET BKDET PIN. 

RxD INPUT -RxSR UNTIL A MARK 

TO SPACE TRANSITION OCCURS. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +18.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it it important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. For example, the bench power supply programmedto deliver +12 volts may have large voltage transients when 
the AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS Ta=0°C to+70°C, Vcc=5.0V±5% 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 


V,L 
V,H 


Input voltage 
Low 
High 


2.0 




0.8 


V 




Vol 

VOH 


Output voltage 
Low 
High 


2.4 




0.4 


V 


loL=2.2mA 
loH=-400/uA 


IlL 


Input leakage current 






10 


/"A 


ViN=0to5.5V 


Ilh 
III 


Output leakage current 
Data bus high 
Data bus low 






10 
10 


/"A 


Vo=4.0V 
Vo= 0.45 V 


Ice 


Power supply current 






150 


mA 




CiN 
CoUT 

Ci 


Capacitance 
Input 
Output 
Input/Output 






20 
20 
20 


PF 

PF 
pF 


fc=1MHz 

Unmeasured pins tied 

to ground 



AC ELECTRICAL CHARACTERISTICS Ta=0°C to+70°C, Vcc=5.0V+5% 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


TEST CONDITIONS 




Pulse width 












tpES 


Reset 


1000 






ns 




tcE 


Chip enable 


250 






ns 






Setup and hold time 












tAS 


Address setup 


10 






ns 




tAH 


Address hold 


10 




ns 




tcs 


R/W control setup 


10 






ns 




tcH 


R/W control hold 


10 






ns 




tos 


Data setup for write 


150 






ns 




toH 


Data hold for write 









ns 




tpxs 


Rx data setup 


300 






ns 




Irxh 


Rx data hold 


350 


1 


ns 




too 


Data delay time for read 




! 200 


ns 


Cl-150pF 


toF 


Data bus floating time 




! 








for read 




i 100 


ns 


Cl=150pF 


tcED 


CE to CE delay 


600 






ns 






Input clock frequency 












fsRG 


Baud rate generator 
(2661-1,-2) 


1.0 


4.9152 


4.9202 


MHz 




fsBG 


Baud rate generator 
(2661-3) 


1.0 


5.0688 


5.0738 


MHz 




fRT' 


TxC or RxC 


dc 




1.0 


MHz 






Clock width 












tsRH 


Baud rate high 
(2661-1,-2) 


75 






ns 


fBRG=4.915MHz; measured 
atViH 


Ibrh 


Baud rate high 
(2661-3) 


70 






ns 


fBRG=5.0688MHz; measured 
atViH 


tsRL 


Baud rate low 
(2661-1,-2) 


75 






ns 


fBRG=4.915MHz; measured 
atViL 


tsRL 


Baud rate low 


70 




ns 


fBRG=5.0688MHz; measured 




(2661-3) 










atViL 


tRTHI 


TxCorRxChiah 


480 






ns 




tRTL 


TxC or RxC low 


480 






ns 




trxD 


TxD delay from fallina 














edge of TxC 






650 


ns 


Cl=150pF 


tics 


Skew between TxD 
changing and fallina 














edge of TxC output 









ns 


Cl=150pF 



NOTE: 

1 . f R T and tp TL shown all modes except Local Loopback. For Local Loopback mode 
fRT=07MH2andtHTL = 700nsmin. 
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TYPICAL APPLICATIONS 





ASYNCHRONOUS INTERFACE 




i 


SYNCHRONOUS INTERFACE 

TO TERMINAL OR 

PERIPHERAL DEVICE 






\ 




ADDRESS BUS 


; 


ADDRESS BUS 


\ 
















\ 






CONTROL BUS 


J 




CONTROL BUS 


\ 1 






















DATA BUS 


/ 


DATA BUS 


^ 




mi 


T' 






UOl 


, 










RlD 
T«D 

COM 2661 

BRCLK 




r 

EIATOTTI 

CONVERT 

(OPT) 


1 




R«D 
T.D 

COM 2661 "^ 

Tie 




SYNCHRONOUS 

TERMINAL 

OR PERIPHERAL 

DEVICE 






i' ./r~ 


T 
NAL 










L J 








5.<WaSMHz 
OSCILLATOR 


cn 

TERM 


























ASYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 




SYNCHRONOUS INTERFACE 
TO TELEPHONE LINES 




\ 






ADDRESS BUS 


\ 






ADDRESS BUS 


i 




















CONTROL BUS 


J 




CONTROL BUS 


\ i 




















\ 


uei 


DATA BUS 








\ 


mi 


DATA BUS 

7 






\ 




RiD 
T«D 

DSB 

dTB 

COM 2661 ^ 

BTs 

BRCLK 


_^ 


ASYNC 
MODEM 




PHONE 
LINE 

INTER- 
FACE 




R>D 
T.D 

'Rc 
COM 2661 °^ 

CTS 
HTS 
D^ 

BTS 


-^ 


SYNC 
MODEM 




LINE 
INTER- 
FACE 














:lep 

LI 


HONE 
4E 


"* 


i 

ELEF 
LI 


HONE 
HE 










^ 
























5.tl6a«MHz 
OSCILLATOR 


T 




T1 











































STANDARD MICROSYSTEMS 
CORPORATION .g 



^gjjf^^^g ', 



35 Marcus Blvd . Hauppauge r 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. How/ever, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others SMC reserves the rl"ht to make changes 
at any time in order to improve design and supply the best product possible. " «'"'"'"" ^" "a •= 
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STANDARD MICROSYSTEMS 
(DRPORATION^ 




COM 5025 

/X PC FAMILY 



Multi-Protocol 
Universal Synchronous Receiver/Transmitter 

USYNR/T 



FEATURES 

n Selectable Protocol— Bit or Byte oriented 

D Direct TTL Compatibility 

D Three-state Input/Output BUS 

D Processor Compatible— 8 or 1 6 bit 

D High Speed Operation— 1.5 M Baud— typical 

D Fully Double Buffered — Data, Status, and Control Registers 

n Full or Half Duplex Operation— independent Transmitter and 

Receiver Clocks 
—individually selectable data 

length for Receiver and 

Transmitter 
D Master Reset— resets all Data, Status, and Control Registers 
D Maintenance Select — built-in self checking 



PIN CONFIGURATION 




PACKAGE: 40-Pin D.I.R 



BIT ORIENTED PROTOCOLS— SOLC, HDLC, ADCCP 

D Automatic bit stuffing and stripping 

D Automatic frame ciiaracter detection and generation 

D Valid message protection — a valid received message is 

protected from overrun 
D Residue Handling — ^for messages which terminate with a 

partial data byte, the number of valid 

data bits is available 

SELECTABLE OPTIONS: 

D Variable Length Data — 1 to 8 bit bytes 

D Error Checking— ORG (CRC1 6, CCITT-0, or CCITT-1 ) 

— None 
D Primary or Secondary Station Address Mode 
D All Parties Address— APA 
D Extendable Address Field — ^to any number of bytes 
n Extendable Control Field— to 2 bytes 
D Idle Mode— idle FLAG characters or MARK the line 
n Point to Point, Multi-drop, or Loop Configuration 



BYTE ORIENTED PROTOCOLS— BISync, DDCMP 

D Automatic detection and generation of SYNC characters 

SELECTABLE OPTIONS: 

D Variable Length Data— 1 to 8 bit bytes 

D Variable SYNC character— 5, 6, 7, or 8 bits 

D Error Checking— ORG (CRG16, GGITT-0, or GGITT-1) 

— VRG (odd/even parity) 

— None 
n Strip Sync— deletion of leading SYNG characters after 

synchronization 
D Idle Mode— idle SYNC characters or MARK the line 



APPLICATIONS 



n Intelligent Terminals 
D Line Controllers 
D Network Processors 
D Front End Communications 



n Remote Data Concentractors 
n Communication Test Equipment 
D Computer to Computer Links 
D Hard Disk Data Handler 
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General Description 

The COM 5025 is a COPLAMOS® n channel silicon gate MOS/LSI device that meets the majority of 
synchronous communications requirements, by interfacing parallel digital systems to synchronous serial 
rjatsi cornrnunicsitlon chsnnsis whi!? re'^uirin" 2 minim'TT! "f contr'^ller "VTh^*"^. 

The COM 5025 is well suited for applications such as computer to modem interfaces, computer to computer 
serial links and in terminal applications. Since higher level decisions and responses are made or initiated by the 
controller, some degree of intelligence in each controller of the device is necessary. 

Newly emerging protocols such as SDLC, HDLC, and ADCCP will be able to utilize the COM 5025 with a 
high degree of efficiency as zero insertion for transmission and zero deletion for reception are done 
automatically. These protocols will be referred to as Bit Oriented Protocols (BOP). Any differences between 
them will be discussed in their respective sections. Conventional synchronous protocols that are control 
character oriented such as BISYNC can also utilize this device. Control Character oriented protocols will be 
referred to as CCP protocols. Other types of protocols that operate on a byte or character count basis can 
also utilize the COM 5025 with a high degree of efficiency in most cases. These protocols, such as DDCMP 
will also be referred to as CCP protocols. 

The COM 5025 is designed to operate in a synchronous communications system where some external 
source is expected to provide the necessary received serial data, and all clock signals properly 
synchronized according to EIA standard RS334. The external controller of the chip will provide the 
necessary control signals, intelligence in interpreting control signals from the device and data to be 
transmitted in accord with RS334. 

The receiver and transmitter are as symmetrical as possible without loss of efficiency. The controller of the 
device will be responsible for all higher level decisions and interpretation of some fields within message 
frames. The degree to which this occurs is dependent on the protocol being implemented. The receiver and 
transmitter logic operate as two totally independent sections with a minimum of common logic. 



References: 

1. ANSI— American National Standards Institute 
X353, XS34/589 

202-466-2299 

2. CCITT— Consultative Committee for International 
Telephone and Telegraph 

X.25 
202-632-1007 



3. EIA — Electronic Industries Association 
TR30, RS334 

202-659-2200 

4. IBM 

General Information Brochure, GA27-3093 
Loop Interface— OEM Information, GA27-3098 
System Journal— Vol. 15, No. 1, 1976; G321-0044 



Terminology 



Term 



Definition 



Term 



Definition 



BOP Bit Oriented Protocols: SDLC, HDLC, ADCCP GA 

CCP Control Character Protocols: BiSync, DDCMP lSB 

TDB Transmitter Data Buffer MSB 

RDB Receiver Data Buffer rdp 

TDSR Transmitter Data Shift Register tDP 

FLAG 01111110 LM 

ABORT 1 1 1 1 1 1 1 1 (7 or more contiguous 1 's) 



01 1 1 1 1 1 1 (0 (LSB) followed by 7-1 's) 
First transmitted bit, First received bit 
Last transmitted bit, Last received bit 
Receiver Data Path 
Transmitter Data Path 
Loop Mode 
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BLOCK DIAGRAM 



GO 



HXACT 0>*- 
RDA (>•*- 

RSA O^^- 



TIMING & CONTROL 



TX SERIAL DATA OUT 



DATA 

STEERING 

LOGIC 

MAINT O ^ 

SEL 



RSI O— • 

IRCVR SERIAL INPUT) 



i^ 



STRIP 
ZERO 
LOGIC 



FRAME 
CHAR 
REG 



ZT 



DATA 

TAP 

SELECT 



RCVR 
CRC 
GEN 







RCVR 

DATA 

REGISTER 



PARITY 
LOGIC 



DETECT 
J 



-\r 



TO TIMING S CONTROL 



RCVR 

STATUS 

REG 



MODE 

CONTROL 

REG 



DATA 

LENGTH SEL 

REG 



WU^Jl 



n. 



E 



TRt STATE I/O BUS 



Tj 



TX PARITY GEN 



H 



TX DATA CONTROL 

"7^ 



C 



n 



RCVR 

DATA 

BUFFER 



"^ 



SYNC/ 

ADDRESS 

REG 



ADDRESS DECODE 



P ^ 



n 



TRI STATE I/O BUS 



-O TXENA 
-O TXACT 



•O TSO 

(TX SERIAL OUTPUT) 



A i A A i i A A TTTTTT A A A A A A i A 



0B15 DBM 0BI3 DB12 0B11 OBl/ D6<f9 DBA 



Ao Ai A2 WR DPENA BYTE OP 



DB^ DBf6 0BII5 OBjiA DBt3 DB^2 DBfTl DBff 



Description of Pin Functions 



Pin No. Symbol Name 



I/O Function 



Voo 
RCP 



4 SFR 

5 RXACT 



Power Supply 
Receiver Qock 

Sync/Flag 
Received 
Receiver Active 



6 


RDA 


Receiver Data 
Available 





7 


RSA 


Receiver Status 
Available 





8 


RXENA 


Receiver Enable 


1 


9 


QND 


Ground 


GND 


10 


DB08 


Data Bus 


I/O 


11 


0B(F9 


Data Bus 


I/O 


12 


DBIU 


Data Bus 


I/O 


13 


DB11 


Data Bus 


I/O 


14 


DB12 


Data Bus 


I/O 


15 


DB13 


Data Bus 


I/O 


16 


DB14 


Data Bus 


I/O 


17 


DB15 


Data Bus 


I/O 


18 


W/R 


Write/Read 


1 


19 


A2 


Address 2 


1 


20 


A1 


Address 1 


1 


21 


A0 


Address 


1 


22 


BYTE OP 


Byte Operation 


1 


23 


DPENA 


Data Port Enable 


1 


24 


DB07 


Data Bus 


I/O 


25 


DB06 


Data Bus 


I/O 


26 


DBUS 


Data Bus 


I/O 


27 


DBfll^ 


Data Bus 


I/O 


28 


DBjJ3 


Data Bus 


I/O 


29 


DB02 


Data Bus 


I/O 


30 


DB01 


Data Bus 


I/O 


31 


DB00 


Data Bus 


I/O 


32 


Vcc 


Power Supply 


PS 


33 


MR 


Master Reset 


1 


34 


TXACT 


Transmitter Active 





35 


TBMT 


Transmitter Buffer 
Empty 





36 


TSA 


Transmitter Status 
Available 





37 


TXENA 


Transmitter Enable 


1 


38 


TSO 


Transmitter Serial 
Output 





39 


TCP 


Transmitter Clock 


1 


40 


MSEL 


Maintenance 
Select 


1 



. Wire "OR" with DB00-DB07 
For 8 bit data bus 



PS +12 volt Power Supply. 
I The positive-going edge of this clock shifts data into the receiver shift register. 

I 1 1 lis ipipiii etCCopiS iito S^noi uii iMput auoaiTi. 

O This output is set high, for 1 clock time of the 

RCP, each time a sync or flag character is received. 
This output is asserted when the RDP presents the first data character of the 

message to the controller. In the BOP mode the first data character is the first 

non-flag character (address byte). In the CCP mode: 1 . if strip-sync is set; the 

first non-sync character is the first data character 2. if strip-sync is not set; the 

first data character is the character follcwing the second sync. In the SOP 

mode the trailing (next) FLAG resets RXACT. In the CCP nrode RXACT 

is never reset, it can be cleared via RXENA. 

This output is set high when the RDP has assembled an entire character and 

transferred it into thejRDB. This output is reset by reading the RDB. 

This output is set high: 1 . CCP— in the event of receiver over run (ROR) 

or parity error (if selected), 2. BOP— in the event of ROR, CRC eror (if selected) 

receiving REOM or RAB/GA. This output is reset by reading the 

receiver status register or dropping of RXENA. 

A high level input allows the processing of RSI data. A low 

level disables the RDP and resets RDA, RSA and RXACT. 

Ground 

Bidirectional Data Bus. ' 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus._^ 

Controls direction of data port. W/R= 1 , Write. W/R=0, Read. 

Address input — MSB. 

Address input. 

Address input — LSB. 

If asserted, byte operation (data port is 8 bits wide) is 

selected. If BYTE OP = 0, data port is 1 6 bits wide. 

Strobe for data port. After address, byte op, W/R and data are set-up DPENA 

may be strobed. If reading the port, DPENA may reset (depending on register 

selected by address) RDA or RSA. If writing into the port, DPENA may reset 

(depending on register selected by address) TBMT. 

Bidirectional Data Bus— MSB. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus. 

Bidirectional Data Bus — LSB. 

+5 volt Power Supply. 

This input should be pulsed high after power turn on. This will : clear all flags, and 

status conditions, set TBMT= 1 , TSO= 1 and place the device in the primary 

BOP mode with 8 bit TX/RX data length, CRC CCITT initialized to all 1 's. 
This output indicates the status of the TDP. TXACT will go high after asserting 
TXENA and TSOM coinsidently with the first TSO bit. This output win reset one 

half clock after the byte during which TXENA is dropped. 

This output is at a high level when the TDB 

or the TX Status and Control Register may be loaded with 

the new data. TBMT=0 on any write access to TDB or TX Status and 

Control Register. TBMT returns high when the TDSR is loaded. 

TERR bit, indicating transmitter underflow. 

Reset by MR or assertion of TSOM. 

A high level input allows the processing of transmitter 

data. 

This output is the transmitted character. 

The positive going edge of this clock shifts data out of the 
transmitter shift register. 

Internally RSI becomes TSO and RCP becomes TCP. 
Externally RSI is disabled and TSO= 1 . 
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Definition of Terms 

Register Bit Assignment Ciiart 1 and 2 



Data Bu 


Term 


DBI}8 


RSOM 


DB09 


REOM 


DB10 


RAB/GA 


DB11 


ROR 


DB12-14 


A.B.C 


DB15 


ERR CHK 



Definition 



Receiver Start of Message — read only bit. In BOP mode only, goes high when first non-flag (address byte) 

character loaded into ROB. It is cleared when the second byte is loaded into the RDB. 

Receiver End of Message — read only bit. In BOP mode only, set high when last byte of data loaded into RDB, or 

when an ABORT character is received. It is cleared on reading of Receiver Status Register or dropping of RXENA. 

Received ABORT or GO AHEAD character, read only bit. In BOP mode only. If LM=0 this bit is set on receiving an 

ABORT character; If LM= 1 this bit is set on receiving a GO AHEAD character. This is cleared on reading of 

Receiver Status Register or dropping of RXENA. 

Receiver Over Run — read only bit. Set high when received data transfen-ed into RDB and previous data has not 

been read, indicating failure to service RDA within one character time. Cleared on reading of Receiver Status 

Register or dropping of RXENA. 

Assembled Bit Count — rea d on ly bits, jn BOP mode only, examine when REOM =1 . ABC= 0, message terminated 

on stated boundary. ABC=XXX, message terminated (by FLAG or GA) on unstated boundary, binary value of ABC 

= number of valid bits available in RDB (right hand justified). 

Error Check — read only bit. In BOP set high if CRC selected and received in error, examine when REOM= 1 . In 

CCP mode: 1 . set high if parity selected and received in error, 2. if CRC selected (tested at end of each byte) ERR 

CHK = 1 if CRC GOOD, ERR CHK = if CRC NOT GOOD. Controller must determine the last byte of the 

message. 

Transmitter Start of Message— W/R bit. Provided TXENA= 1 , TSOM initiates start of message. In BOP, TSOM = 1 

generates FLAG and continues to send FLAG'S until TSOM=0, then begin data. In CCP: 1. IDLE=0, transmit out of 

SYNC register, continue until TSOM=0, then begin data. 2. IDLE= 1 transmit out of TDB. In BOP mode there is also 

a Special Space Sequence of 16-0's initiated by TSOM= 1 and TEOM= 1 . SSS is followed by FLAG. 

Transmit End of Message — W/R bit. Used to terminate a message. In BOP mode, TEOM= 1 sends CRC, then 

FLAG;ifTXENA=1 andTE0M=1 continue to send FLAG'S, if TXENA=0 and TE0M=1 MARK line. In CCP: 1. 

IDLE=0,TEOM=1 send SYNC, if TXENA=1 andTE0M=1 continue to send SYNC's, if TXENA=0 and TE0M=1 

MARK line. 2. IDLE= 1 , TEOM= 1 , MARK line. 

Transmitter Abort — W/R bit. In BOP mode only, TXAB= 1 finish present character then: 1 . IDLE=0, transmit ABORT 

2. IDLE= 1 , transmit FLAG. 

Transmit Go Ahead — W/R bit. In BOP mode only, modifies character called for by TEOM. GA sent in place of FLAG. 

Allows loop termination — GA character. 

Transmitter Error — read only bit. Underflow, set high when TDB not loaded in time to maintain continuous 

transmission. In BOP automatically transmit: 1 . IDLE=0, ABORT 2. IDLE= 1 , FLAG. In CCP automatically transmit: 

1. IDLE=0, SYNC 2. IDLE=1, MARK. Cleared by TSOM. 



DBS 



DB9 



TSOM 



TEOM 



DB10 


TXAB 


DB11 


TXGA 


DB15 


TERR 



DB8-10 X,Y,Z 



z 


Y 


X 

















1 





1 








1 


1 


1 








1 
1 
1 




1 
1 


1 



1 



DB11 

DB12 

DB13 

DB14 
DB15 



IDLE 

SEC ADD 

STRIP SYNC/LOOP 

PROTOCOL 
*APA 



— \NIR bits. These are the error control bits. 

X'6+ X12+ X5+ 1 CCITT— Initialize to "1" 

X16+ X12+ X5+ 1 CCITT— Initialize to "0" 

Not used 

X16+X15+X2+1— CRC16 

Odd Parity— CCP Only 

Even Parity— CCP Only 

Not Used 

Inhibit all error detection and transmission 
Note: Do not modify XYZ until both data paths are idle 

IDLE mode select — W/R bit. Affects transmitter only. In BOP — control the type of character sent when TXAB 
asserted or in the event of data underflow. In CCP — controls the method of initial SYNC character transmission and 
underflow, "1" = transmitSYNCfrom TDB, "0"=transmitSYNCfromSYNC/ADDRESS register. 
Secondary Address Mode — W/R bit. In BOP mode only — after FLAG looks for address match prior to activating 
RDP, if no match found, begin FLAG search again. SEC ADD bit should not be set if EXADD= 1 or EXCON= 1. 
Strip Sync or Loop Mode— W/R bit. Effects receiver only. In BOP mode— allows recognition of a GA character. In 
CCP— after second SYNC, strip SYNC; when first data character detected, set RXACT= 1 , stop stripping. 
PROTOCOL— W/R bit. BOP=0, CCP=1 

All Parties Address — W/R bit. If selected, modifies secondary mode so that the secondary address or 8-1 's will 
activate the RDP. 



2B 

03 CD 

55'^ 



DB13-15 TXDL 



DB8-10 RXDL 



DB11 EXCON 
DB12 EXADD 



Transmitter Data Length — W/R bits. 
TXDL3 TXDL2 TXDL1 LENGTH 

Eight bits per character 

1 1 1 Seven bits per character 
1 1 Six bits per character 

1 1 Five bits per character 

1 Four bits per character* 

1 1 Three bits per character* 

1 Two bits per character* 

1 One bit per character* 

*For data length only, not to be used for SYNC character (CCP mode). 
Receiver Data Length — W/R bits. 
RXDL3 RXDL2 RXDL1 LENGTH 

Eight bits per character 

1 1 1 Seven bits per character 
1 1 Six bits per character 

1 1 Five bits per character 

1 Four bits per character 

1 1 Three bits per character 

1 Two bits per character 

1 One bit per character 

Extended Control Field — W/R bit. In receiver only; if set, will receive control field as two 8-bit bytes. Excon bit should 
not be set if SEC ADD =1. 

Extended Address Field — W/R bit. In receiver only; LSB of address byte tested for a "1 ". If NO — continue receiving 
address bytes, if YES go into control field. EXADD bit should not be set if SEC ADD = 1 . 



•Note: Product manufactured before 1Q79 may not have this feature. 
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Register Bit Assignment Ciiart 1 



REGISTER 

Receiver Data 
Buffer 

(Read Only- 
Right Justified- 
UnusedBits=0) 

Transmitter Data 
Register 

(Read/Write- 
Unused Inputs =X) ' 

Sync/Secondary 
Address 

(Read/Write- 
Right Justified- 
Unused lnputs=X) 



DP07 

RD7 
MSB 

TD7 
MSB 

SSA7 
MSB 



DP06 DP05 DP04 OP03 DP02 

RD6 RD5 RD4 RD3 RD2 



TD6 TD5 TD4 TD3 TD2 



SSA6 SSA5 SSA4 SSA3 SSA2 



DP01 


DP00 


RD1 


RD0 




LSB 


TD1 


TD0 




LSB 


SSA1 


SSA0 




LSB 



Register Bit Assignment Chart 2 



REGISTER 


DP15 


DPI 4 


DPI 3 


DP12 


DP11 


DP10 


DP09 


DP08 


Receiver Status 
(Read Only) 


ERRCHK 


C 


B 


A 


ROR 


RAB/GA 


REOM 


RSOM 


TX Status 
and Control 
(ReadA/Vrite) 


TERR 
(Read Only) 











TXGA 


TXAB 


TEOM 


TSOM 


Mode Control 
(ReadAVrite) 


*APA PROTOCOL 


STRIP 
SYNC/ 
LOOP 


SEC ADD 


IDLE 


Z 


Y 


X 


Data Length 
Select 
(Read/Write) 


TXDL3 


TXDL2 


TXDL1 


EXADD 


EXCON 


RXDL3 


RXDL2 


RXDL1 



■ Note: Product manufactured before 1Q79 may not have this feature. 



Register Address Selection 



1 ) BYTE OP = 0, data port 1 6 bits wide 



A2 


A1 A0 





X 





1 X 


1 


X 


1 


1 X 


X = don't care 




2) BYTE OP = 


1 , data port 8 bits wide 


A2 


A1 A0 











1 





1 





1 1 


1 





1 


1 


1 


1 


1 


1 1 



Register 

Receiver Status Register and Receiver Data Buffer 
Transmitter Status and Control Register and Transmitter Data Buffer 
Mode Control Register and SYNC/ Address Register 
Data Length Select Register 



Register 

Receiver Data Buffer 

Receiver Status Register 

Transmitter Data Buffer 

Transmitter Status and Control Register 

SYNC/Address Register 

Mode Control Register 



Data Length Select Register 
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BOP TRANSMITTER OPERATION 

(PROCESSOR LOAD OR MASTER RESET) 



<D 





SEND 1 BYTE 

OF DATA 

FROM TDB 



STUFF ZERO, 

ACCUMULATE 

ORG 



SEND 

ABORT 

CHARACTER 




COP TRANSMITTER OPERATION 



INITIALIZE 






" 


(PRC 




SET MODE 




' ' 


— I-^ 


^^ TXENA ^^ 


J£* 




YES 






^^ TSOM ^ 


NO 





SERIALIZE 

DATA 

ACCUMULATE 

CRC 








■o 
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CCP RECEIVER TIMING 



_n_n_ri,_n_n_n« l_n_r 

JL, 



X 



U L-ff w; w; 



'1 



■ W/R=1 

n NOTE 1 



I—I RE 

J b' 



J[Sa 



W/R=0 W/H=0 



j~i r~L 

►-J-^ SYNC ^ 



]_r 1 



1 



n_ 



I NOTE 2 



HOR 
ERR CHK 



NOTE 1 —Mode set for CCP with CRC selected 

NOTE 2--lf overrun had occured-noHEADSTX 

NOTE 3— ERR CHK must be sampled before next byte or before RXENA brought low 



I NOTE 2 



"L 



"1_ 



CCP TRANSMITTER OPERATION 






J 






^_rL_n n 



ji 



\j^ SE 



rLJtz: 



R 



JL 



r-i^A 



-y 



yTR.^^- 



r~ 



I r 



NOTE 1 — Mode is CCP with CRC selected 
NOTE 2— Trailing edge of DPENA must occ 
clock pulse prior to TBMT=1 to av 



BOP RECEIVER TIMING 
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\_ 



NOTE 1 



not clock edga re1at«d 



i 



_l L 



I— FLAG FLAG "J 



I r 1 



v^ I ^ 



JL.n 1 ^^^ 



CRC 



U-FLAG... '..Fl>Q-J 



1_ 



^1 J L j\j\n 



J 



1 



i_ 



CO 

to 



BOP TRANSMITTER OPERATION 



JL 



_r 



not dock edge related 



JlLfbr'l 



k. 



r~ 1 



Load Load 



Control Data Lengtt) Data Byte 

JL j_ _n_ 



JL 



-n_ _\ u/ 



J L 



Address Byte | Control Byte 



Last Data Byte 



J 



k-.. 



r~ 1 r 



Note 1 —Trailing edge ol OPEN A must occur at least one-half dock 
pulse prior to TBMT= t . To avoid underrun. 



AC TIMING DIAGRAMS 



TCP 



TBMT 



DPENA 
W/R = 1 
to Transmitter 
Registers 



TBMT 



1 300 ns 




300 ns 



1 
RCP 










300 ns 

■ "1 


— 


RXACT 




X 


RDA, RSA 


3( 


X)ns 
J 






UPbNA 
W/R = 
to Receiver 


\ 


Registers 




300 ns 




RDA, RSA 




\ 



TCP 



TSO 



TXACT 



150 ns 



^ 



V 



300 ns 



RXENA 



"—300 ns, min 



Resets: RDP-RDA, RSA, 
RXACT, receiver 
into search 
mode (for FLAG) 

Note: Unless otherwise specified all times are maximum. 



Data Port Timing 



wm^ 



Y 



^ 



k- 



///// 

, BUS FLOATS 
///// / 



I |, TOP. ^1 



READ FROM USYNR/T 



..7/ 



/It', 

Dfl«*-DB1S / / BUS 
DATA / FLOATS 

/ / / / / 



K 



WRITE TO USYNR/T 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°Cto +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +18.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

*Stressesabove those listed may caus&perm anent da m age to the dev i ce . Thialaastress rating only and 

functional operation of the device at these or at any other condition above those indicated in the operational 

sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AG power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. For example, the 
bench power supply programmed to deliver + 12 volts may have large voltage transients when the 
AC power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V±5%, Vdd= + 1 2V±5%, unless othenwise noted) 



Parameter 


Min. 


Typ. Max. 


Unit 


Comments 


D.C. Characteristics 










INPUT VOLTAGE LEVELS 










Low Level, Vil 




0.8 


V 




High Level, Vih 


2.0 


Vcc 


V 




OUTPUT VOLTAGE LEVELS 










Low Level, Vol 




0.4 


V 


loL=1.6ma 


High Level, Voh 


2.4 






loH=40/Aa 


INPUT LEAKAGE 










Data Bus 




5.0 50.0 


lia 


0«ViN«5v, DPENA=0 orW/R^ 


All others 






ixa 


ViN=+5v 


INPUT CAPACITANCE 










Data Bus, Cin 






pf 




Address Bus, Cin 






pf 




Clock, Cin 






pf 




All other, Cin 






pf 




POWER SUPPLY CURRENT 










Ice 




70 


ma 




Idd 




90 


ma 




A.C. Characteristics 








Ta=25°C 


CLOCK-RCP, TCP 










frequency 


DC 


1.5 


MHz 




PWh 


325 




ns 




PWl 


325 




ns 




tr.tf 




10 


ns 




DPENA, TwDPENA 


250 


50/LtS 


ns 




Set-up Time, Tas 







ns 




ByteOp,W/R 










A2, Ai,Ao 










Hold Time, Tah 







ns 




Byte Op, WIR, 










A2, Ai, Ao 










DATA BUS ACCESS, Tdpa 




150 


ns 




DATA BUS DISABLE DELAY, Tdpd 




100 


ns 




DATA BUS SET-UP TIME, Tdbs 







ns 




DATA BUS HOLD TIME, Tdbh 


100 




ns 




MASTER RESET, MR 


350 




ns 
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Read RDA and RSA prior to reading 
data or status 



Receiver Data 

and 
Receiver Status 

Access Sequence 

Preferred reading sequence of receiver RDA and RSA. 




READ 
STATUS 




CCP RECEIVER OPERATION 



BOP RECEIVER OPERATION 




ASSEIblBLE CHARACTERS 

ACCUUULATi CRC 



NjOSET^/^ 





PROCESSOR LOAD 



ASSEMBLE CHARACTERS 



PROCESSOR MUST READ 

ERR CHK BIT BEFORE 

RXENA>0 




TEST MADE AFTER 8 RXCLKS 



SmNDJ^RDMICROSYSTEMS 
CORPORAnONi 



Circuit diagrams utilizing SMC products are included as a nneans of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for Inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATOR 



COM 7210 




Intelligent GPIB Interface Controller 



FEATURES 

D All Functional Interface Capability IVIeeting IEEE 

Standard 488-1 978 

—SHI (Source Handshake) 

— AH1 (Acceptor Handshake) 

— T5 or TE5 (Talker or Extended Talker) 

— L3 or LE3 (Listener or Extended Listener) 

— SR1 (Service Request) 

— RL1 (Remote Local) 

— PP1 or PP2 (Parallel Poll) (Remote or Local 
Configuration) 

— DC1 (Device Clear) 

— DT1 (Device Trigger) 

— C1-5 ((Controller) (All Functions)) 
D Programmable Data Transfer Rate 
D 16 MPU Accessible Registers— 8 Read/8 Write 
D 2 Address Registers 

—Detection of MTA, MLA, MSA (My Talk/Listen/ 
Secondary Address) 

— 2 Device Addresses 
D EOS Message Automatic Detection 
D Command (IEEE Standard 488-78) Automatic 

Processing and Undefined Command Read Capability 
n DMA Capability 
n Programmable Bus Transceiver I/O Specification 

(Works with T.I./Motorola/lntel) 
n 1 to 8 MHz Clock Range 
n TTL Compatible 



PIN CONFIGURATION 







<y 




T/R1 


1 C 




1 40 Vcc 


T/R2 


2C 




3 39 E5T 


CLOCK 


3( 




3 38 NDAC 


RESET 


4[ 




3 37 NRFD 


T/R3 


5C 




3 36 DAV 


DMAREQ 


eq 




3 35 DIO 8 


DMAACK 


7C 




p 34 DiO 7 


C§ 


8C 




] 33 DiO 6 


RD 


9C 




I 32 UIO b 


WR 


IOC 




1 31 Dl04 


INT 


11 C 




1 30 UIO 3 


DO 


12 C 




1 29 DIO 2 


D1 


13 C 




1 28 DiO 1 


D2 


14 C 




1 27 SRS 


D3 


15C 




J 26 ATN 


D4 


16 C 




) 25 REN 


D5 


17 C 




] 24 TFC 


D6 


18 C 




1 23 RS2 


D7 


19 C 




] 22 RS 1 


GND 20 C 




] 21 RSO 



PACKAGE: 40-pin D.I.P. 



D COPLAMOS®n-Channel Silicon Gate Technology 

D + 5V Single Power Supply 

D 40-Pin DIP 

n 8080/85/86 Compatible 



GENERAL DESCRIPTION 



The COM7210 TLC is an intelligent GPIB Interface Con- 
troller designed to meet all of the functional requirements 
for Talkers, Listeners, and Controllers as specified by the 
IEEE Standard 488-1978. Connected between a processor 
bus and the GPIB, the TLC provides high level manage- 



ment of the GPIB to unburden the processor and to simplify 
both hardware and software design. Fully compatible with 
most processor architectures. Bus Driver/Receivers are the 
only additional components required to implement any type 
of GPIB interface. 
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A 




D7~D0( 


N 




CS »B. 

RS2~RS0 1 ^ 
1/ 




Wr ». 




DMAREQ -^ 




DMAACK ^ 






^ 






COMMAND PASS 
THROUGH 



t 
\ 



^ 



c 



ADDRESS STATUS 



c 



^ 



ADDRESS MODE 



2£ 



MESSAGE 
DECODER 



INTERFACE 
FUNCTIONS 



^ 



t^ 



ADDRESS 0/1 



^ 



END OF STRING 



(^ 



^ INTERRUPT MASK l/2 



INTERRUPT STATUS 



f^ 



( \ SERIAL POLL K 



^ 



PARALLEL POLL 



^ 

4 



=^ 



A 
V 



^ 



AUX, (A)/(BI/(E) 







INTERNAL 
COUNTER 



Af 



-v/ AUX. COMMAND 

DECODER 



TF 



^ 



Di5?~'Di5T 



C=^ 



GPIB CONTROL 



^ 



BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 



PIN 


SYMBOL 


I/O 


DESCRIPTION 


1 


T/R1 





Transmit/Receive Control— Input/Output Control Signal for the GPIB 
Bus Transceivers. 


2 


T/R2 





Transmit/Receive Control— The functions of T/R2, T/R3 are determined 
by the values of TRM1, TRMO of the address mode register. 


3 


CLK 


1 


Clock— (1-8 MHz) Reference Clock for generating the state change 
prohibit times T1, T6, T7, T9 specified in IEEE Standard 488-1978. 


4 


RST 


1 


Reset— Resets 7210 to an idle state when high (active high). 


5 


T/R3 





Transmit/Receive Control— Function determined by TRM1 and TRMO of 
address mode register (See T/R2). 


6 


DMAREQ 





nMA Rfiquesf— 7210 requests data transfer to the computer system, 
becomes low on input of DMA acknowledge signal DACK. 


7 


DMAACK 


1 


DMA Acknowledge— (Active Low) Signal connects the computer system 
data bus to the data register of the 7210. 


8 


CS 


1 


Chip Select— (Active Low) Enables access to the register selected by 
RSO-2 (read or write operation). 


9 


RD 


1 


Read— (Active Low) Places contents of read register specified by 
RSO-2— on DO-7 (Computer Bus). 


10 


WR 


1 


Write— (Active Low) writes data on DO-7 into the write register specified 
bv RSO-2. 


11 


INT ^^ 
^^-^-^ INT 





Interrupt Request— (Active High/Low) Becomes active due to any 1 of 13 
internal interrupt factors (unmasked) active state software configurable, 
active high on chip reset. 


12-19 


DO-7 


I/O 


Data Bus— 8-bit bidirectional data bus, for interface to computer system. 


20 


GND 




Ground. 


21-23 


RSO-2 


1 


Register Select- These lines select one of eight read (write) registers 
during a read (write) operation. 


24 


IFC 


I/O 


Interface Clear— Control line used for clearing the interface functions. 


25 


REN 


I/O 


Remote Enable— Control line used to select remote or local control of 
the devices. 


26 


ATN 


I/O 


Attention— Control line which indicates whether data on DIO lines is an 
interface messaqe or device dependent message. 


27 


SRQ 


I/O 


Service Request— Control line used to request the controller for service. 


28-35 


DI01-8 


I/O 


Data Input/Output— 8-bit bidirectional bus for transfer of message on 
the GPIB. 


36 


DAV 


I/O 


Data Valid— Handshake line indicating that data on DIO lines is valid. 


37 


NRFD 


I/O 


Ready for Data— Handshake line indicating that device is ready for data. 


38 


NDAC 


I/O 


Data Accepted— Handshake line indicating completion of message 
reception. 


39 


EOl 


I/O 


End or Identify— Control line used to indicate the end of multiple byte 
transfer sequence or to execute a parallel polling in conjunction with ATN. 


40 


Voo 




+ 5VDC 



FUNCTIONAL DESCRIPTION 

Introduction 

The IEEE Standard 488 describes a "Standard Digital 
Interface for Programmable Instrumentation" which, since 
its introduction in 1975, has become the most popular means 
of interconnecting instruments and controllers in labora- 
tory, automatic test and even industrial applications. Refined 
over several years, the 488-1978 Standard, also known as 
the General Purpose Interface Bus (GPIB), is a highly 
sophisticated standard providing a high degree of flexibility 
to meet virtually most all instrumentation requirements. The 
COM 7210 TLC implements all of the functions that are 
required to interface to the GPIB. While it is beyond the 
scope of this document to provide a complete explanation 
of the IEEE 488 Standard, a basic description follows: 
The GPIB interconnects up to 15 devices over a common 
set of data control lines. Three types of devices are defined 
by the standard: Talkers, Listeners, and Controllers, 
although some devices may combine functions such as 
Talker/Listener or Talker/Controller. 



Data on the GPIB is transferred in a bit parallel, byte serial 
fashion over 8 Data I/O lines (D101-D108). A 3 wire hand- 
shake is used to ensure synchronization of transmission and 
reception. In order to permit more than one device to receive 
data at the same time, these control lines are "Open Col- 
lector" so that the slowest device controls the data rate. A 
number of other control lines perform a variety of functions 
such as device addressing, interrupt generation, etc. 

The COM 7210 TLC implements all functional aspects of 
Talker, Listener and Controller functions as defined by the 
488-1978 Standard, and on a single chip. 

The COM 7210 TLC is an intelligent controller designed to 
provide high level protocol management of the GPIB, freeing 
the host processor for other tasks. Control of the TLC is 
accomplished via 16 internal registers. Data may be trans- 
ferred either under program control or via DMA using the 
TLC's DMA control facilities to further reduce processor 
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overhead. The processor interface of the TLC is general in use of a variety of different transceiver configurations for 

nature and may be readily interfaced to most processor maximum flexibility. 

lines. 

In addition to providing all control and data lines necessary 

for a complete GPIB implementation, the TLC also pro- Internal Registers 

vides a unique set of bus transceiver controls permitting the The TLC has 16 registers, 8 of which are read and 8 write. 



REGISTER NAME 


ADDRESSING 


SPECIFICATION 


Data In (OR) 
Interrupt Status 1 (1R) 
Interrupt Status 2 (2R) 
Serial Poll Status (3R) 
Address Status (4R) 
Command Pass Through (5R) 
Address (6R) 
Address 1 (7R) 

Byte Out (OW) 
Interrupt Mask 1 (1W) 
Interrupt Mask 2 (2W) 
Serial Poll Mode (3W) 
Address Mode (4W) 
Auxiliary Mode (5W) 
Address 0/1 (6W) 
End of String (7W) 


R R R 
S S S 
2 1 


w 

R 


R 
D 


c 
s 





1 
1 

1 1 

1 
1 1 
1 1 
1 1 1 


1 
1 

1 1 

1 
1 1 
1 1 

1 1 1 









































1 D17 


D16 


D15 


D14 


D13 


D12 


D11 


D10 1 


1 CPT 


APT 


DET 


END 


DEC 


ERR 


DO 


D1 1 


1 INT 


SRQ1 


LOK 


REM 


CO 


LOKC 


REMC 


ADSC 1 


L S8 


PEND 


S6 


SS 


S4 


S3 


S2 


SI 1 


1 CIC 


ATN 


SPMS 


LPAS 


TPAS 


LA 


TA 


MJMN 1 


1 CPT7 


CPT6 


CPT5 


CPT4 


CPT3 


CPT2 


CPT1 


CPTO 1 


1 X 


DTO 


DLO 


ADS-O 


AD4-0 


AD3-0 


AD2-0 


AD1-0 1 


1 E01 


DTI 


DL1 


ADS-1 


AD4-1 


AD3-1 


AD2-1 


ADM 1 
















I B07 


B06 


BOS 


B04 


B03 


B02 


B01 


BOO 1 


1 CPT 


APT 


DET 


END 


DEC 


ERR 


DO 


Dl 1 


1 


SRQI 


DMAO 


DMAI 


CO 


LOKC 


REMC 


ADSC 1 


1 S8 


rsv 


S6 


S5 


S4 


S3 


S2 


SI 1 


1 ton 


Ion 


TRM1 


TRMO 








ADM1 


ADMO 1 


1 CNT2 


CNT1 


ONTO 


COM4 


COM3 


COM2 


C0M1 


COMO 1 


1 ARS 


DT 


DL 


ADS 


AD4 


AD3 


AD2 


AD1 1 


1 EC7 


EG6 


ECS 


EC4 


EC3 


EC2 


EC1 


ECO 1 



Data Registers 

The data registers are used for data and command trans- 
fers between the GPIB and the microcomputer system. 

DATA IN (OR) 



1 DI7 1 DI6 1 DIS 


DI4 


DI3 


DI2 


DI1 


1 L>IO 1 


GPIB to the computer 


! B07 1 B06 1 BOS 


B04 


B03 


B02 


B01 


BOO 1 



BYTE OUT (OW) 

Holds information written into it for transfer to the GPIB 

Interrupt Registers 

The interrupt registers are composed of interrupt status bits, 
interrupt mask bits, and some other noninterrupt related bits. 



READ 



INTERRUPT 
STATUS 1(1 R). 

INTERRUPT 
STATUS 2 (2R) 



INTERRUPT 
MASKI(IW) 

INTERRUPT 
MASK2(2W) 



1 CPT 


[ APT 


DET 


END 1 DEC 


1 ERR 


DO 


Dl 1 




1 INT 


SRQI 


LOK 


REM 1 CO 


LOKC 


REMC 


ADSC 1 


WRITE 


1 CPT 


APT 


DET 


END 1 DEC 


ERR 


DO 


Dl 1 




1 


SRQI 


DMAO 


DMAI i CO 


LOKC 


REMC 


ADSC 1 
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Interrupt Status Bits 



INT 


OR of All Unmasked Interrupt Status Bits 


CPT 


Command Pass Through 


APT 


Address Pass Through 


DET 


Device Trigger 


END 


End (END or EOS Message Received) 


DEC 


Device Clear 


ERR 


Error 


DO 


Data Out 


01 


Data In 


SRa 


Service Request Input 


LOKC 


Lockout Change 


REMC 


Remote Change 


ADSC 


Address Status Change 


CO 


Command Output 



There are thirteen factors which can generate an inter- 
rupt from the COM 721 0, each with their own status bit and 
mask bit. 

The interrupt status bits are always set to one if the interrupt 
condition is met. The interrupt mask bits decide whether the 
INT bit and the interrupt pin will be active for that condition. 



NoaiatemipLBelatedBLts 


LOK 


Lockout 


REM 


Remote/Local 


DMAO 


Enable/Disable DMA Out 


DMAI 


Enable/Disable DMA In 



Serial Poll Registers 



SERIAL POLL 
STATUS (3R). 



SERIAL POLL 
MODE (3W) 



The Serial Poll Mode register holds the STB (status byte: 
S8, S6-S1) sent over the GPIB and the local message rsv 
(request service). The Serial Poll Mode register may be read 
through the Serial Poll Status register. The PEND is set by 
rsv = 1, and cleared by NPRS* rsv = 1 (NPRS = Negative 
Poll Response State). 



READ 



1 S8 


1 PEND 1 


S6 


S5 1 S4 


S3 


S1 


SO 1 


WRITE 


1 S8 


1 rsv 1 


S6 


S5 1 S4 


S3 


S2 


SI 1 



Address l\Aode/Status Registers 

ADDRESS STATUS (4R) 
ADDRESS MODE (4W) 



1 CIC 


ATN 


1 SPMS 


LPAS 


TPAS 1 


LA 


1 TA 


1 MJMN 1 




1 ton 


Ion 


1 TRM1 


TRMO 


1 





I ADM1 


ADMO 1 



The Address Mode register selects the address mode of 
the device and also sets the mode for T/R3 and T/R2 the 
transceiver control lines. 

The functions of T/R2, T/R3 terminals (2 and 5) are deter- 
mined as below by the TRM1 , TRMO values of the address 
mode register. 



T/R2 


T/R3 


TRM1 


TRMO 


EOIOE 


TRIG 








CIC 


TRIG 





1 


CIC 


EOIOE 


1 





CIC 


PE 


1 


1 



EOIOE = TAGS + SPAS + CIC'CSBS 
This denotes the input/output of EOl terminal. 

When "1": Output 
When"0": Input 



CIC = CIDS + CADS 
This denotes if the controller interface function is active or 

not. 

When "1": ATM = outpu t. SRQ = input 
When "0": ATN = input, SRQ = output 



PE = CIC + PPAS 
This indicates the type of bus driver connected to DI08 to 
DI01 and DAV lines. 

When "1": 3 state type 
When "0": Open collector type 

TRIG: When DTAS state is initiated or when a trigger aux- 
iliary command is issued, a high pulse is generated. 

Upon RESET, TRMO and TRM1 become "0" (TRMO = 
TRM1 = 0) and local message port is provided, so that 11 
R2 and T/R3 both become "LOW." 
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Address Modes 



ton 


Ion 


ADM1 


ADMO 


ADDRESS 
MODE 


CONTENTS OF 

ADDRESS (0) 

REGISTER 


CONTENTS OF 

ADDRESS (1) 

REGISTER 


1 











Talk only 
mode 


Address Identification Not Necessary 
(No controller on the GPIB) 

Not Used 




' 





u 


Listen only 
mode 











1 


Address mode 1 

® 


Major talk address or 
Major listen address 


Minor talk address or 
Minor listen address 








1 





Address mode 2 

@ 


Primary address 
(talk or listen) 


Secondary address 
(talk or listen) 








1 


1 


Address mode 3 


Primar/ address (major 
talk or major listen) 


Primary address (minor 
talk or minor listen) 


Combinations other than above indicated Prohibited. 



Notes: (^ —Either MTA or MLA reception is indicated by coinci- 
dence of either address with the received address. 
Interface function T or L. 



Address Status Bits 

ATN Data Transfer Cycle (device In CSBS) 

LPAS Listener Primary Addressed State 

TPAS Talker Primary Addressed State 

CIC Controller Active 

LA Listener Addressed 



^g) —Address register = primary, Address register 1 = 
secondary, interface function TE or LE. 

^ —CPU must read secondary address via Command 
Pass Through Register interface function (TE or LE). 



TA Talker Addressed 

MJMN Sets minor T/L address Reset = Major T/L 

SPMS Serial Poll Mode State 



Address Registers 

ADDRESS 0(6R) 
ADDRESS 1 (7R) 
ADDRESS 0/1 (6W) 



DTP I DLO I AD5-0 I AD4-0 ! AD3-0 ! AD2-0 I AD1-0 



EOl 



ARS 



DTI 



DL1 I AD5-1 I AD4-1 | AD3-1 | AD2-1 | AD1-1 | 



DT 



DL 



ADS AD4 AD3 AD2 



AD1 



^!)f ^'-^ '® ^"^'^ *° automatically detect two types of Address settings are made by writing into the address 0/1 
addresses which are held in address registers and 1 . The register. The function of each bit is described below 
addressing modes are outlined below. 



Address 0/1 Register Bit Selections 

ARS —Selects which address register, or 1 

DT —Permits or Prohibits address to be detected 

as Talk 
DL —Permits or Prohibits address to be detected 

as Listen 



AD5-AD1 — Device address value 
EOl —Holds the value of EOl line when data is 

received 



Command Pass Through Register 



COMMAND PASS 
THROUGH (5R) 



I CPT7 I CPT6 I CPT57 CPT4 | CPT3 | CPT2 | CP1 | CPTO~| 

The CPT register is used such that the CPU may read the address, or parallel poll response. 
DIO lines in the cases of undefined command, secondary 



End of String Register 



END OF 
STRING (7W) 



EC? 



EC6 ECS EC4 EC3 EC2 I ECl 



ECO 



This register holds either a 7- or 8-bit EOS message byte Aux Mode Register A controls the specific use of this reqister 
used in the GPIB system to detect the end of a data block. 



Auxiliary Mode Register 



AUXILIARY 
MODE (5W) 



CNT2 I CNT1 I ONTO | COM4 | COM3 | COM2 | C0M1 | COMo" 
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This is a multipurpose register. A write to tfiis register gen- 
erates one of the following operations according to the val- 
ues of the CNT bits. 



CNT 
2 1 


COM 
4 3 2 10 


OPERATION 





C4 C3 Cj Ci Co 


Issues an auxiliary command 
specified by C4 to Co. 


1 


F3 F, F, Fo 


The reference clock frequency is 
specified and T,, Te, T7, T9 are 
determined as a result. 


1 1 


U S P3 Pa P, 


Makes write operation to the parallel 
£oil register 


1 


A4 M3 Mg r\\ r^Q 


Makes write operation to the aux. 
(A) register 


1 1 


B4 B3 B2 Di Do 


Makes write operation to the aux. 
(B) register. 


1 1 


E, Eo 


Makes write operation to the aux. 
(E) register. 



Auxiliary Commands 

COM 

43210 

00000 iepon 



00010 

00011 
00100 
00101 

00110 
00111 

01111 



erst 

rrfd 
trig 
rtl 

seoi 
nvid 

vid 



C4 C3 C2 Ci Co 



Immediate Execute pon— 

Generate local pon 

Message 

Chip Reset— Same as 

External Reset 

Release RFD 

Trigger 

Return to Local Message 

Generation 

Send EOl Message 

Non Valid (OSA reception)— 

Release DAC Holdoff 

Valid (MSA reception, CRT, 

DEC, DET)— Release DAC 

Holdoff 

Set/Reset Parallel Poll Flag 

Go To Standby 

Take Control 

Asynchronously 

Take Control Synchronously 

• Take Control Synchronously 
on End 

• Listen 

■ Listen with Continuous 
Mode 

■ Local Unlisten 

■ Execute Parallel Poll 

■ Set/Reset IFC 

■ Set/Reset REN 

■ Disable System Control 



Internal Counter 1 F3 Fg F, Fo 

The internal counter generates the state change prohibit 
times (Ti, Tg, T7, Tg) specified in the IEEE std 488-1978 with 
reference to the clock frequency. 

Auxiliary A Register 1 A4 A3 A2 A, Aq 

Of the 5 bits that may be specified as part of its access word, 
2 bits control the GPIB data receiving modes of the 7210 
and 3 bits control how the EOS message is used. 



0X001 
10000 
10001 


sppf 

gts 

tea 


10010 
11010 


tcs 
tcse 


10011 
11011 


Itn 
Itnc 


11100 
11101 
1X110 
1X111 
10100 


lun 

epp 

sifc 

sren 

dsc 



A, 


Ao 


DATA RECEIVING MODE 








Normal Handshake Mode 


1 


RFD Holdoff on all Data Modes 


1 ' 


RFD Holdoff on End Mode 


1 i 1 


Continuous Mode 



BIT 
NAME 


FUNCTION 


A. 





Prohibit 


Permits (prohibits) the setting of 
the END bit by reception of the 
EOS message. 


1 


Permit 


A3 





Prohibit 


Permits (prohibits) automatic 
transmission of END message 
simultaneously with the 
transmission of EOS message 
TACS. 


1 


Permit 


A. 





7 bit EOS 


Makes the 8 bits/7 bits of EOS 
register the valid EOS message. 


1 


8 bit EOS 



Auxiliary B Register 1 1 B4 B3 B2 Bi Bo 

The Auxiliary B Register is much like the A Register in that 
it controls the special operating features of the device. 



BIT 
NAME 


FUNCTION 


Bo 


1 


Permit 


Permits (prohibits) the detection 
of undefined command. In other 
words, it permits (prohibits) 
the setting of the CPT bit on 
reception of an undefined 
command. 





Prohibit 


B, 


1 


Permit 


Permits (prohibits) the 
transmission of the END 
message when in serial poll 
active state (SPAS). 


j Prohibit 


B. 


1 


T, 
(high-speed) 


T, (high speed) as T, of 
handshake after transmission of 
2nd byte following data 
transmission. 





T, 
(low-speed) 


B3 


1 


INT 


Specifies the active level of 
INT pin. 





INT 


B4 


1 


ist = SRQS 


SRQS indicates the value of Ist 
level local message (the value of 
the parallel poll flag is ignored). 
SRQS = 1...ist = 1. 
SRQS = 0...ist = 0. 





ist = Parallel 
Poll Flag 


The value of the parallel poll flag 
is taken as the ist local message. 



Auxiliary E Register 1 1 Ei Eo 

This register controls the Data Acceptance Modes of the 
TLC. 



BIT 


FUNCTION 1 


Eo 


1 


Enable 


DAC Holdoff by initiation of DCAS 





Disable 


E, 


1 


Enable 


DAC Holdoff by initiation of DTAS 





Disable 



Parallel Poll Register 

The Parallel Poll Register defines the parallel poll response 
of the COM 7210. 



1 U S P3 



p, 




SPECIFYING STATUS BIT 
OUTPUT LINE (DI01 TO DIGS) 

SPECIFYING STATUS BIT 
POLARITY 

S = 1 : IN PHASE 

S = 0: REVERSE PHASE 



U = 1 : NO RESPONSE TO PARALLEL POLL 
U = 0: RESPONSE TO PARALLEL POLL 
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o 



Ml. 

Xi X2 
A18-8 



AD7^ 



lO/M 

RD 

8085 

WR 

ALE 

RESET OUT 

CLK 

RST 7.5 



RST 6.5 

RST 5.5 

RESET IN ' 



c 



nl> 



DECODER 



^^ 



IZ 



<.>li 



:^^ 



3j|a 



INT 



COM 7210 



-* 7^ 



DMAREQ 



DMAACK 
T/R3-I 



21 



I^ 



I ', I, II ,, II 



^r% 



> ^ s > ^ -t o 

(fa ' mm 



TIMER OUT 



8155 



5JL 



PA7.8 PB7.8 PC5^ 

.rrV ^r>. -^ 



jy^i t T r T f 



*• ^ n > ^ 2 Q 

^ 21 SI m w 7^ 
*» 5 CE 

8355 

lOR 

PA7^, PB7^ 



BUS TRANSCEIVERS 



J^ 



<J^ <J^ o 

DEVICE CONTROL 



ir3 



SWITCHES 



DISPLAY 



MINIMUM 8085 SYSTEM 
WITH COM 7210 



COM7210 



MC3448AX4 



■CTOs 
DIO7 



DI02 

OlOt 



T/Ri 

T/R3 (EOIOE) 
"EOT 

SaV 
NRFD 

NDAC 



-t>-r> 



DATA A BUS A 

DATA B BUS B 

DATA C BUS C 

DATA D BUS D 

S/Ra-D PEa-D 



DATA A BUS A 

DATA B BUS B 

DATA C BUS C 

DATA D BUS D 

H S/Ra-D PEa-D 



T/R2 (CIC) 

aTTT 
■RFn 

ire 



S/Ra 

DATA A BUS A 

S/Rb 

DATA B BUS B 

S/Rc 

DATA C BUS C 

S/Rd 

DATA D BUS D 

PEa-D 



^>- 



S/Ra 

DATA A BUS A 

S/Rb 

DATA B BUS B 

Hs/Rc 

DATA C BUS C 
S/Rd 

data d bus d 
pea-d 



GPIB 

-DIOs 
-DIO7 

-Dioe 
-D105 



-DI04 
.DI03 
-DI02 
-DI01 



-EOl 
-DAV 
-NRFD 
-NDAC 



-SRQ 
-ATN 
-REN 
-IPC 



-Ik- 

Note: In this example, high-speed data transfer cannot be made since the bus 
transceiver is of the open collector type (Set B2 = 0). 



DiOs^ 
5107 

DTOi 
dR3^ 

Dioj 
DIO2 

DlU^ 
T/R3 (PE) 



COM7210 T/Ri 



T/R2 (CIC) 

SRQ 

ATN 

ESn 

DAV 

NRFD 

NDAC 

i?c 

REN 



TE 
DC 

SRQ 

ATN 

EOl SN75161 

DAV 

NRFD 

NDAC 

IFC 

REN 



Sgpib 



Note: In the case of low-speed data transfer (B2 = 0), the T/R3 pin can be used as a 
TRIG output. The PE input of SN75160 should be cleared to "0." 



MINIMUM 8085 SYSTEM 
WITH COM7210 (CONT) 
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ELECTRICAL CHARACTERISTICS 
MAXIMUM GUARANTEED RATINGS (T, = 25°C) 



PARAMETER 


SYMBOL 


RATINGS 


UNIT 


Supply Voltage 


Vcc 


-0.5- +7.0 


V 


Input Voltage 


V, 


-0.5- +7.0 


V 


uutput voltage 


Vc 


-0.5- +7.0 


V 


Operating Temperature 


Too, 


0- +70 


°c 


Storage Temperature 


T.0 


-65- +125 


°c 



DC CHARACTERISTICS (T, = 


= 0to +70°C,V 


cc = 5V ± 


10%) 










SYMBOL 


LIMITS 


UNIT 




PARAMETER 


MIN 


TYP 


MAX 


TEST CONDITIONS 


Input Low Voltage 


V. 


-0.5 




+ 0.8 


V 




Input High Voltage 


V,H 


+ 2.0 




Vcc + 0.5 


V 




Low Level 
Output Voltage 


Vol 






+ 0.45 


V 


loL = 2 mA 
(4mA:T/R1 Pin) 


High Level 
Output Voltage 


VoH, 


+ 2.4 






V 


loH = -400[xA 
(Except INT) 


High Level 
Output Voltage 
(INT Pin) 


VoH. 


+ 2.4 
+ 3.5 






V 


loH = -400|jlA 
loH= -50(xA 


Input Leakage 
Current 


I,L 


-10 




+ 10 


i,A 


V,. = OV - Vcc 


Output Leakage 
Current 


loL 


-10 




+ 10 


|xA 


VouT = 0.45V - Vcc 


Supply Current 


Ice 






+ 180 


mA 





CAPACITANCE (T, = 25°C, Vcc = GND = OV) 





SYMBOL 


LIMITS 


UNIT 




PARAMETER 


MIN 


TYP 


MAX 


TEST CONDITIONS 


Input Capacitance 


c,. 






10 


PF 


f = 1 MHz 


Output Capacitance 


CouT 






15 


PF 


All Pins Except Pin Under Test Tied to 
AC Ground 


I/O Capacitance 


C|o 






20 


pF 



CS, RS2 ~ 



RD 



D7~0 



DMAACK 



DMAREQ 



ZDC 



■tAR 



\ 



K. 



■tRR 



y 



tRD- 



^c 



■* tAKD- 



■tRA- 



■tRV 



tDF 



t 



//'/yy."'* "y'^^yy/x ^""^ x//'!<*.>"^r'^y/y 



-tAKRQ- 



X 



\ 



TIMING DIAGRAM 
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AC CHARACTERISTICS, (L = to 70°C, Vcc 


= 5V± 10%) 












SYMBOL 


LIMITS 


UNIT 




PARAMETER 


MIN 


MAX 


CONDITIONS 


EOl i ^ DIO 


*EODI 




250 


ns 


PPSS - PPAS, ATN = True 


E0li^T/R1T 


Ieoti 1 




155 


ns 


PPSS ^ PPAS, ATN = True 


EOIT^T/Rli 


tE0T12 




200 


ns 


PPAS ^ PPSS, ATN = False 


ATN i ^ NDAC i 


tATND 




155 


ns 


AIDS ^ANRS, LIDS 


ATNi^T/RIi 


'atti 




155 


ns 


TACS + SPAS -TADS, CIDS 


ATNi^T/R2i 


Wt2 




200 


ns 


TACS + SPAS -TADS, CIDS 


DAV i ^ DMAREQ 


toVRQ 




600 


ns 


ACRS-ACDS,LACS 


DAV i ^ NFRD i Unri 




350 


ns 


ACRS-ACDS 


DAV i ^ NDAC T Undi 




650 


ns 


ACRS-ACDS-AWNS 


DAV T^ NDAC i ; Wds 




350 


ns 


AWNS-ANRS 


DAVT^DRFDT , Wnr2 




350 


ns 


AWNS-ANRS-ACRS 




Irnr 




500 


ns 


ANRS - ACRS 
LACS, Dl reg. selected 


RDi-NRFDT 




tsDRQ 1 


400 


ns 


STRS - SWNS - SONS, 
TACS 


NDAC T -* DMAREQ T 


NDAC T - DAV T 


'nddv i 


350 


ns 


STRS - SWNS - SONS 


WR r - DIO two, 


250 


ns 


SGNS-SDYS,BO 
reg. selected 


NRFD T ^ DAV i Udv 


350 


ns 


SDYS - STRS, T, = True 


WRT^DAVi 1 twDv I 


+ ISYNC 


SONS - SDYS - STRS 
BO reg. selected, RFD = True 
Nf = fc = 8 MHz, 
T, (High Speed) 


Pulse Width ^™'= , , : ^ 


Address Setup to RD t^H 


85 1 . ns 1 RSO ~ RS2 


■ ns CS 


Address Hold from RD tp,* ns 


RD Pulse Width t^R 170 i ns 


Data Delay from Address tAo 250 ns 


Data Delay from RD i tpD j 150 ns 


Output Float Delay from RD ^ j t^F ; 80 , ns 1 


RD Recovery Time tm 


250 ; ns 


Address Setup to WR 


'AW 


; : ns 1 


Address Hold from WR 


^WA 





ns 




WR Pulse Width 


tww 


170 


ns 




Data Setup to WR tow 150 ns ; 


Data Hold from WR two i i ns 


WR Recovery Time ' t^ j 250 ns 


Df\/lAREQi Delay from DMAACK i t^KRo 130 ns 


Data Delay from DMAACK i t^Ko 


1 200 j ns 1 



CS, RS2 ~ 

WR 

D7~0 










> 


z 


K 


\_ 


^ tAW ^ 


L, tww 


-^ 


"*-tWA— »- 


i 


^ 


>^ 




-• tDW 




■•twD*- 


tRV ^ 


)t 


> 


: 






TIMING DIAGRAM 
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STANDARD MICROSYSTEMS 
CORPORATION^ 




35 Marcus Blvd., Hauppauge, NY. 11788 
(516) 273-3100 • TWX-510-227-8898 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. Tfie 
information has been carefully cfiecked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patenl rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 



COM 8004 

^l PC FAMILY 



Dual 32 Bit CRC SDLC Generator/Checker 

CRC-32 



FEATURES 

D SDLC 32 bit CRC 

D COM 5025 USYNRT Companion 

D Data Rate— 2MHz typical 

D All Inputs and Outputs are TIL Compatible 

D Single +5 Volt Supply 

D COPLAMOS® N-Channel MOS Technology 



GENERAL DESCRIPTION 

SMC's COM 8004 is a dual 32-bit CRC Generator/ 
Checker for use with SDLC protocols. It is a 
companion device to SMC's COM 5025 USYNRT. 
It operates at bit rates from DC to 2.0 MHz from a 
single^5v supply and is housed in a 20 lead x 0.3 
inch DIR All inputs and outputs are TTL compatible 
with full noise immunity. 

The COM 8004 is comprised of two independent 
halves, and each half may be operated in the check 
or generate mode. The polynominal used in 
computations is: 

X32 + X26 + X23 + X22 + X^6 + X12 + X" + X^" + X^ + X^ + X^ + 

X'' + X2 + X + 1 . 

The CRC register is initialized to all ones and the 
result is inverted before being appended to the 
message. The expected remainder is: 

X31+X30+X26 + X25 + X2''+X^8 + X15 + X1'' + X12 + X11+X10 + 
X8 + X6 + X5 + X^ + X3 + X + 1 . 

Each half has a nine-bit serial data shift register. 
Data moves on the positive edge of the clock, and all 
clocked inputs are designed for zero-hold-time 
(e.g. 7474). A "clock out" pin provides gated clocks 
to the accompanying USYNRT (COM 5025). 
In the generate mode, computation is initiated upon 
detection of a flag character in the serial bit stream. 
CRC computation proceeds upon the serial data 
until a second flag is detected. CLK OUT to the 
SDLC transmitter is then halted, and the32-bit CRC 
is passed out; CLK OUT is then resumed, and the 
flag character is passed out. Nonsignificant zeros 
are automatically stripped and stuffed, and shared 
flags are supported. If the data between flags is less 
than two full bytes, the CRC is discarded and the 
serial data stream remains unaltered. 

In the check mode, computation is similarly 
initiated upon detection of a flag. Detection of a 
second flag causes the conditional setting of the 
error flag. A separate reset pin is provided for the 
error flag. No error is flagged on messages of less 
than two full bytes between flags. Detection of an 
abort character (7 consecutive ones) in either mode 
causes computation to be reset and a search for an 
opening flag resumed. 



PIN CONFIGURATION 



MRA 


1J 




1 20 Vcc 


"^y 


CLKINA 


2n 




1 19 EFLGRB 


CLKOUTA 


3l 




1 18 EFLGB 


SERINA 


41 




I17M0DEB 


SEROUTA 


51 




I16ENAB 


ENAA 


61 




I15SER0UTB 


MODEA 


7l 




I14SERINB 


EFLGA 


81 




I13CLK0UTB 


EFLGRA 


91 




I12CLKINB 


GND10 |j 
PAGK> 




1 11 MRB 
D.I.P 


\GE:20pin 







BLOCK DIAGRAM 

FOR ONE-HALF OF THE COM 8004 






■* 


32 BIT CRC 


1 






A 














>>-t-* 


1 
BIT 


-^ SER OUT 


SER IN f 

MR ». 

CLK IN »■ 

ENA >. 

MODE f 

EFLGR ^ 


8-BIT S/R 
FLAG/ABORT DET 




/ 


















- 


NON-SIG 
ZERO DET 
STUFF/STRIP 




CONTROL LOGIC 












CLK OUT 
EFLG 




















1 



TYPICAL SYSTEM 



- SER OUT 

- CLK IN 



SER IN - 
CLK IN- 





EFLG MB 
1 EFLGR 1 

T 1 \ 




RSI 








COM 
8004 




COM 
5026 












RCP 













SER IN - 
CLK IN - 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 


MARTFR RFRFT-A 


MRA 


MRA nrPSPts the P.RT, ralnilatinn in Rortinn A nf tho P.nM Rnn4 

to all ones and forces the "pipeline" (8 shift register bits and the 
output flip-flop) to a logic "1" (Mark). The COM 8004 will only exit 
the reset state when MRA has been released and all 8 bits of a 
FLAG (01111110) have been received. 


2 


CLOCK INPUT-A 


CLKINA 


Baud Rate Clocl< for Section A. 


3 


CLOCK OUTPUT-A 


CKLOUTA 


Cioci< output from Section A. This is used to provide the clock for 
the USYNRT. CLKOUTA will normally trackCLKINA.Inthegenerate 
mode, when the last flag bit has been shifted into the shift register 
of the COM 8004, CLKOUTA will be held high until the CRC 
check character has been sent out. After the last bit of the CRC 
character is transmitted, CLKOUTA will resume tracking CLKINA. 


4 


SERIAL INPUT-A 


SERINA 


Serial input to the COM 8004 Section A. For transmission, SERINA 
is connected to the transmitter serial output of the USYNRT. 
For receiving, SERINA is connected to the received data output 
of the modem. 


5 


SERIAL OUTPUT-A 


SEROUTA 


Serial output from Section A of the COM 8004. For transmission, 
SEROUTA is connected to the transmit data input of the modem. For 
receiving, SEROUTA may be connected to the serial data input of 
the USYNRT 


6 


ENABLE-A 


ENAA 


When ENAA is low, section A of the COM 8004 will pass data from 
SERINA to SEROUTA after a nine bit delay without alteration 
and without checking or generating CRC. If ENAA is high, CRC 
generation or checking will be enabled. ENAA is gated into the 
COM 8004 by the rising edge of CLKINA. 


7 


MODE SELECT-A 


MODEA 


MODEA determines whether Section A of the COM 8004 is in 
the receive (CRC check) Mode or transmit (CRC generate) Mode. 
Logic "1" selects CRC check. Logic "0" selects CRC generate. 


8 


ERROR FLAG-A 


EFLGA 


EFLGA will go high if, when in the CRC check mode, section A 
of the COM 8004 has detected an error EFLGA can only be reset 
by a MASTER RESET (MRA) or by ERROR FLAG RESET (EFLGRA). 


9 


ERROR FLAG RESET-A 


EFLGRA 


A logic "1" on EFLGRA will reset EFLGA. If EFLGRA is kept at a 
logic "1," it will inhibit the setting of EFLGA. 


10 


GROUND 


GND 


Ground. 


11 


MASTER RESET-B 


MRB 


Master reset for Section B. See MRA for description. 


12 


CLOCK IN-B 


CLKINB 


Clock input for Section B. See CLKINA for description. 


13 


CLOCK OUT-B 


CLKOUTB 


Clock output for Section B. See CLKOUTA for description. 


14 


SERIAL INPUT-B 


SERINE 


Serial input for Section B. See SERINA for description. 


15 


SERIAL OUTPUT-B 


SEROUTB 


Serial output for Section B. See SEROUTA for description. 


16 


ENABLE-B 


ENAB 


CRC enable for Section B. See ENAA for description. 


17 


MODE SELECT-B 


MODES 


Mode select for Section B. See MODEA for description. 


18 


ERROR FLAG-B 


EFLGB 


Error Flag for Section B. See EFLGA for description. 


19 


ERROR FLAG RESET-B 


EFLGRB 


Error flag reset for Section B. See EFLGRA for description. 


20 


POWER SUPPLY 


Vcc 


+5 volt power supply input. 
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OPERATION 



The COM 8004 has 3 modes of operation, as selected by 
the ENABLE and MODE SELECT inputs. They are: 

ENABLE MODE SELECT 

CRC Disabled. Data is 

shifted from SERIN to 
SEROUT with no compu- 
tation performed. Serial 
delay is 9 bit times. 

1 Same as above. 



CRC generation mode. 

1 CRC check mode. 



In the CRC generation and check modes, calculations 
begin upon receipt of the first data character after an 
opening FLAG. "Stuffed zeroes" are stripped for the 
purpose of the CRC calculation. CRC calculation will 
continue until either a MASTER RESET occurs, ENABLE 
is brought to logic zero, an ABORT character is received, 
or a closing FLAG is received. 



CRC Generation 

Upon detection of a closing FLAG character, CLKOUT 
is left high (stopping USYNRT activity), and the CRC 
accumulation is shifted out by CLKIN. CLKOUT then 
resumes clocking, and the FLAG (which has been stored 
in the shift register) is shifted out. The CRC check data 
is inverted before this data is transmitted. Zero-stuffing 
is performed on the inverted CRC check data. 

During the time CKLOUT is forced high and CRC check 
data is being shifted out, data on SERIW wiW beignored. 
If an ABORT character is received, CRC calculation will 
cease after, the last "1" bit of the ABORT character is 
shifted into the shift register. Data will pass through the 
COM 8004 without effect until a FLAG is received. 

CRC Check (Reception) 

When the last bit of a closing flag enters the shift regis- 
ter, ERRCHK will go high on the following positive 
CLKIN transition if a CRC error is detected. 



Operation Notes 

Note 1: The minimum message size is sixteen significant bits following an opening 

flag. A stuffed zero is not considered a significant bit. If the message is less than 
16 bits, the data will pass through the COM 8004 without being affected. 

If the sixteenth received bit is the fifth consecutive one, but is not followed by a 
stuffed zero before a FLAG, the COM 8004 will detect the FLAG but the minimum 
message will not have occurred. CRC calculation will begin anew after this 
FLAG is detected. 

01111110 DDDDDDDD DD011111 (MISSING STUFFED 0) 01111110 



OPENING 
FLAG 



r 



j^ 



LAST "1" IN THE BIT 16 LOCATION. 



"^ 



CLOSING 
FLAG 



Note 2: If the seventeenth bit of a message followed by a FLAG is the fifth consecutive 
one, but the stuffed zero is missing, the following will occur: 

A) CRC Generate Mode: The last "one" bit, bit 17, will not be calculated into the 
CRC, but will appear at the serial output. The first bit of the CRC character 
will be forced to a zero, therefore looking like a stuffed zero. 

B) CRC Check Mode: The last "one" bit, bit 17, will not be calculated into the CRC. 
01111110 DDDDDDDD DDD01111 1 (MISSING STUFFED 0) 01111110 



OPENING 
FLAG 



r 



j^ 



LAST "1" IN THE BIT 17 LOCATION. 



^ 



CLOSING 
FLAG 



Note 3: If a stuffed zero is missing in the middle or end of a message, the reaction will 
depend on the next bit. If it is a one, a FLAG or ABORT may be detected. If an 
ABORT is detected, the message and the CRC checking is aborted. If a FLAG 
is detected, a CRC error will be detected. 

If the missing zero is followed by a zero, the CRC computation will continue, 
but the zero bit will be stripped, causing a CRC error. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55° C to +1 50° C 

Lead Temperature (soldering, 10 sec.) +325''C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC power is switched on and off. In addition^ voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested 
that a clamp circuit be used. 



^ss^ 



Wi 



i22?**«te 



ELECTRICAL CHARACTERISTICS (T 


A^O'CtoyO" 


C, Vcc = 


+5 Volts ±5%, unless otherwise noted) ~ -^^25? 


PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


DC CHARACTERISTICS 














Input Voltage Levels 

Low Level 

High Level 
Output Voltage Levels 

Low Level 

High Level 
Input Capacitance 
Power Supply Current 


VlL 

VlH 

Vol 

VOH 
CiN 

Ice 


2.0 
2.4 


10 


0.8 

0.4 

25 
100 


V 
V 

V 
V 

pf 

mA 


IoL = 1.6 mA 
IoH = -100/uA 


AC CHARACTERISTICS 












Ta = 25°C 


Clock Frequency 

Clock Pulse Width— High 


fiN 

tcLKH 


350 




2 


MHz 
ns 


Figure 1 


Input Set-Up Time 
Input Hold Time 
Master Reset Pulse Width 


toe 

tcD 

tpw 


100 



250 






ns 
ns 
ns 


Figure 1 
Figure 1 
Figure 2 


Reset Delay 
Error Flag Delay 
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Figure 2 
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Figure 5 
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CTftMnAPP WIIO?fy?V^TFR/K Circuit diagrams utilizing SMC products are included as a means tjf illustrating typical semiconductor appllca- 
'^>XriS!rSStiii}at ^^ PVU tions; consequently complete information sufficient for construction purposes is not necessarily given. The 

CJOixP\Jl\rffTOIMijW |^^M^BB8jB information has been carefully checked and is believed to be entirely reliable. However, no responsibility Is 
^^■^'mi^^^^^^^^t assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
asrm-rm'im^'zrr-^ devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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COM 8017 
COM 8502 



Universal Asynchronous Receiver/Transmitter 



UART 



FEATURES 

D Single +5V Power Supply 

D Direct TTL Compatibility — no interfacing circuits 
required 

D Full or Half Duplex Operation — can receive and 
transmit simultaneously at different baud rates 

D Fully Double Buffered— eliminates need for precise 
external timing 

D Start Bit Verification— decreases error rate 

D Fully Programmable— data word length; parity mode; 
number of stop bits: one, one and one-half, or two 

D High Speed Operation— 40K baud, 200ns strobes 

D Master Reset— Resets all status outputs 

D Tri-State Outputs— bus structure oriented 

D Low Power— minimum power requirements 

D Input Protected— eliminates handling problems 

D Ceramic or Plastic Dip Package— easy board insertion 

D Compatible with COM 2017, COM 2502 

D Compatible with COM 8116, COM 8126, COM 8136, 
COM 8146, COM 8046 Baud Rate Generators 



GENERAL DESCRIPTION 

The Universal Asynchronous Receiver/Transmitter is 
an MOS/LSI monolithic circuit that performs all the 
receiving and transmitting functions associated with 
asynchronous data communications. This circuit is 
fabricated using SMC's patented COPLAMOS® tech- 
nology and employs depletion mode loads, allowing 
operation from a single +5V supply. The duplex mode, 
baud rate, data word length, parity mode, and number 
of stop bits are independently programmable through 
the use of external controls. There may be 5, 6, 7 or 8 
data bits, odd/even or no parity, and 1, or 2 stop bits. In 
addition the COM 8017 will provide 1.5 stop bits when 
programmed for 5 data bits and 2 stop bits. The UART 
can operate in either the full or half duplex mode. These 
programmable features provide the user with the ability 
to interface with all asynchronous peripherals. 
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Pjfl Configuration 
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2 TD1 


SWE L 


16 25 
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RCP C 


17 24 


] TEQC 


RDAR L 


18 23 
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PACKAGE: 40-Pin 


D.l.R 



Functional Block Diagram 
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DESCRIPTION OF OPERATION — TRANSMITTER 



At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate is 
applied and master reset is pulsed. Under these 
conditions TBMT, TEOC, and TSO are all at a high 
level (the line is marking). 

vvhen TBfvtT ami TECC aiw iiiyii, iirts uuiiirul uils 
may be set. After this has been done the data bits 
may be set. Normally, the control bits are strobed 
into the transmitter prior to the data bits. However, 
as long as mini mum pulse width specifications 
are not violated, TDS and CS ma y occ ur simulta- 
neously. Once the date strobe (TDS) has been 
pulsed the TBMT signal goes low, indicating that 
the data bits buffer register is full and unavailable to 
receive new data. 

If the transmitter shift register is transmitting pre- 
viously loaded data the TBMT signal remains low. 
If the transmitter shift register is empty, or when it is 
through transmitting the previous character, the 
data in the buffer register is loaded immediately into 
the transmitter shift register and data transmission 



commences. TSO goes low (the start bit), TEOC 
goes low, the TBMT goes high indicating that the 
data in the data bits buffer register has been loaded 
into the transmitter shift register and that the data 
bits buffer register is available to be loaded with 

If new data is loaded into the data bits buffer register 
at this time, TBMT goes lowand remains in this state 
until the present transmission is completed. One 
full character time is available for loading the next 
character with no loss in speed of transmission. This 
is an advantage of double buffering. 

Data transmission proceeds in an orderly manner: 
start bit, data bits, parity bit (if selected), and the 
stop bit(s). When the last stop bit has been on the 
line for one bit time TEOC goes high. If TBMT is 
low, transmission begins immediately. If TBMT is 
high the transmitter is completely at rest and, if 
desired, new control bits may be loaded prior to the 
next data transmission. 



TRANSMITTER BLOCK DIAGRAM 
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STEERING LOGIC 



TIMING GENERATOR 



DATA STROBE 



TRANSMITTER 

BUFFER 

EMPTY 



PARITY BIT GENERATION LOGIC 



OUTPUT 
LOGIC 



DESCRIPTION OF OPERATION — RECEIVER 



At start-up the power is turned on, a clock whose 
frequency is 16 times the desired baud rate isapplied 
and master reset is pulsed. The dataavailable(RDA) 
signal is now low. There is one set of control bits for 
both the receiver and transmitter 

Data reception begins when the serial input line 
transitions from mark (high) to space (low). If the 
RSI line remains spacing for a 1/2 bittime, agenuine 
start bit is verified. Should the line return to a mark- 



ing condition prior to a 1 /2 bit time, the start bit veri- 
fication process begins again. A mark to space 
transition must occur in order to initiate start bit 
verification. Once a start bit has been verified, data 
reception proceeds in an orderly manner: start bit 
verified and received, data bits received, parity bit 
received (if selected) and the stop bit(s) received. 

If the transmitted parity bit does not agree with the 
received parity bit, the parity error flip-fiop of the 
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status word buffer register is set high, indicating a 
parity error. However, if the no parity mode is se- 
lected, the parity error flip-flop is unconditionally 
held low, inhibiting a parity error indication. If a 
stop bit is not received, due to an improperlyf ramed 
character, the framing error flip-flop is set high, 
indicating a framing error. 
Once a full character has been received internal 
logic looks at the data available (RDA) signal. If, at 
this instant, the RDA signal is high the receiver 
assumes that the previously received character has 



not been read out and the over-run flip-flop is set 
high. The only way the receiver is aware that data 
has been read out is by having the data available 
reset low. 

At this time the RDA output goes high indicating 
that all outputs are available to be examined. The 
receiver shift register is now available to begin re- 
ceiving the next character. Due to the double buf- 
fered receiver, a full character time is available to 
remove the received character. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. SYMBOL 



Vcc 



NC 



NAME 



FUNCTION 



Power Supply 



+5 volt Supply 



No Connection 



No Connection 



GND 



5-12 RD8-RD1 



13 RPE 



14 RFE 



Ground 



Ground 



RDE Received Data A low-level input enables the outputs (RD8-RD1 ) of the 

Enable receiver buffer register. 



Receiver Data These are the 8 tri-state data outputs enabled by RDE. 

Outputs Unused data output lines, as selected by NDB1 and NDB2, 

have a low-level output, and received characters are right 
justified, i.e. the LSB always appears on the RD1 output. 

Receiver Parity This tri-state output (enabled by SWE) is at a high-level if 

Error the received character parity bit does not agree with the 

selected parity. 

Receiver Framing This tri-state output (enabled by SWE) is at a high-level if 
Error the received character has no valid stop bit. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. SYMBOL 



NAME 



15 ROR 



16 SWE 



17 RCP 



Receiver Over 
Run 



Status Word 
Enable 



FUNCTION 



This tri-state output (enabled by SWE) is at a high-level if 
the previously received character is not read (RDA output 
iiui resei) before the present character Is transferred into 
the receiver buffer register. 



A low-level input enables the outputs (RPE, RFE, ROR, 
RDA, and TBMT) of the status word buffer register. 



Receiver Clock 



This input is a clock whose frequency is 16 times (16X) the 
desired receiver baud rate. 



18 RDAR 



Receiver Data 
Available Reset 



A low-level input resets the RDA output to a low-level. 



19 RDA 



20 RSI 



21 MR 



23 TDS 



25 TSO 



26-33 TD1-TD8 



34 CS 



35 NPB 



Receiver Data This tri-state output (enabled by SWE) is at a high-level 

Available when an entire character has been received and transferred 

into the receiver buffer register. 



Receiver Serial This input accepts the serial bit input stream. A high-level 

Input (mark) to low-level (space) transition is required to initiate 

data reception. 



Master Reset This input should be pulsed to a high-level after power 

turn-on. This sets TSO, TEOC, and TBMT to a high-level 
and resets RDA, RPE, RFE and ROR to a low-level. 



22 TBMT Transmitter This tri-state output (enabled by SWE) is at a high-level 

Buffer Empty when the transmitter buffer register may be loaded with 

new data. 



Transmitter A low-level input strobe enters the data bits into the 

Data Strobe transmitter buffer register. 



24 TEOC Transmitter End Thisoutputappearsasahigh-leveleachtimeafullcharacter 

of Character is transmitted. It remains at this level until the start of 

transmission of the next character or for one-half of a TCP 
period in the case of continuous transmission. 



Transmitter This output serially provides the entire transmitted 

Serial Output character. TSO remains at a high-level when no data is 

being transmitted. 



Transmitter 
Data inputs 



There are 8 data input lines (strobed by TDS) available. 
Unused data input lines, as selected by NDBl and NDB2, 
may be in either logic state. The LSB should always be 
placed on TD1. 



Control Strobe A high-level input enters the control bits (NDBl, NDB2, 

NSB, POEand NPB) into the control bits holding register. 
This line may be strobed or hard wired to a high-level. 



No Parity Bit A high-level input eliminates the parity bit from being 

transmitted; the stop bit(s) immediately follow the last data 
bit. In addition, the receiver requires the stop bit(s) to follow 
immediately after the last data bit. Also, the RPE output is 
forced to a low-level. See pin 39, POE. 
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DESCRIPTION OF PIN FUNCTION 



PIN NO. SYMBOL 



NAME 



FUNCTION 



36 



NSB 



Number of 
Stop Bits 



This input selects the number of stop bits. A low-level input 
selects 1 stop bit; a high-level input selects 2 stop bits. 
Selection of 2 stop bits when programming a 5 data bit word 
generates 1.5 stop bits from the COM 8017 or COM 801 7/H. 



37-38 NDB2, 

NO&l 



Number of Data These 2 inputs are internally decoded to select either 5, 6, 7, 

B its / Characte r o r 8 data bi ts /characte r as pe r the f ol lowing truth table: 

NDB2 NDB1 data bits/character 

L L 5 

L H 6 

H L 7 

H H 8 



39 



POE 



Odd/Even Parity The logic level on this input, in conjunction with the NPB 

Select input, determines the parity mode for both the receiver and 

transmitter, as per the following truth table: 

NPB POE MODE 

L L odd parity 

L H even parity 

H X no parity 

X = don't care 



40 



TCP 



Transmitter 
Clock 



This input is a clock whose frequency is 16 times (16X) the 
desired transmitter baud rate. 



TRANSMITTER TIMING -8 BIT, PARITY, 2 STOP BITS 



I START [data iT TdATA 8jPAR ITYJ STOP 1 STOP 2 1 START 



TRANSMITTER START-UP 



TCP 
TDS 
TSO 



I V16 I 

T _^ Bit 1^ 

I time 



Upon data transmission initiation, or when nottransmitting at 100% line utilization, the startbitwMI be placed 
on the TSO line at the high to low transition of the TCP clock following the trailing edge of TDS. 



RECEIVER TIMING-8 BIT, PARITY, 2 STOP BITS 

[start [data lT TdATA sJpARITyI STOP 1 STOP 2 [sTART 



RDA- 

RDA" 

•The RDA line was previously not reset (ROR = high-level). 
"The RDA line was previously reset (ROR = low-level). 



START BIT DETECT/VERIFY 



J , L — Begin; 




in verify 



If the RSI line remains spacing for a 1/2 bit time, a genuine start bit is verified. Should the line return to a 
marking condition prior to a 1 /2 bit time, the start bit verification process begins again. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°Cto+ 70° C 

Storage Temperature Range -55°C to +150° C 

Lead Temperature (soldering, 10 sec.) ..........[.. +325° C 

Positive Voltage on any Pin, with respect to ground +8 OV 

Negative Voltage on any Pin. with respect to ground -o!3V 

Stresses above those listed may cause permanent damage to the device. This is a stress 
rating only and functional operatinn nf thp riewire at thes9 or 2t an" ether conditicr; "^'^v'^ 
those indicated in the operational sections of this specification is riot implied." 
NOTE: When powering this device from laboratory or system powersupplies, it is important 
that the Absolute Maximum Ratings not be exceeded or device failure can result. Some 
power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is 
switched on and off. I n addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that at clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (Ta = 0° C to 70° C, Vcc = +5V ±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 














INPUT VOLTAGE LEVELS 














Low-level, Vil 







0.8 


V 






High-level, Vih 


2.0 




Vcc 


V 






OUTPUT VOLTAGE LEVELS 














Low-level, Vol 






0.4 


V 


loL = 1.6mA 




High-level, Voh 


2.4 






V 


loH = -lOO/uA 




INPUT CURRENT 














Low-level, Iil 






300 


/^A 


ViN = Gnd 




OUTPUT CURRENT 


1 

! 










Leakage, Ilo 






±10 


fjA 


SWE = RDE = Vih, < Vout < 


+5V 


Short circuit, los** 






30 


mA 


VouT = OV 




INPUT CAPACITANCE 














All inputs, CiN 




5 


10 


pf 






OUTPUT CAPACITANCE 














All outputs, COUT 




10 


20 


pf 


SWE = RDE = Vih 




POWER SUPPLY CURRENT 














Ice 






25 


mA 


All outputs = Voh, All inputs = 


Vcc 


A.C. CHARACTERISTICS 










Ta = +25°C 




CLOCK FREQUENCY 














COM8502, COM 8017 


DC 




640 


KHz 


RCP, TCP 




PULSE WIDTH 














Clock 


0.7 






fJS 


RCP TCP 




Master reset 


500 






ns 


MR 




Control strobe 


200 






ns 


CS 




Transmitter data strobe 


200 






ns 


TDS 




Receiver data available reset 


200 






ns 


RDAR 




INPUT SET-UP TIME 














Data bits 


>0 






ns 


TD1-TD8 




Control bits 


>0 






ns 


NPB, NSB, NDB2, NDB1, POE 




INPUT HOLD TIME 














Data bits 


>0 






ns 


TD1-TD8 




Control bits 


>0 






ns 


NPB, NSB, NDB2, NDB1, POE 




STROBE TO OUTPUT DELAY 










Load = 20pf +1 TTL input 




Receive data enable 






350 


ns 


RDE:Tpdi,Tpdo 




Status word enable 






350 


ns 


SWE:Tpdi,Tpdo 




OUTPUT DISABLE DELAY 






350 


ns 


RDE, SWE 





**Not,more than one output should be shorted at a time. 



NOTES: 1 . If the transmitter is inactive (TEOC and TBMT are at a high-level) the start bit will appear on the ISO line within 
one clock period (TCP) after the trailing edge of TDS. 

2. The start bit (mark to space transition) will always be detected within one clock period of RCP guaranteeina 
a maximum start bit slippage of 1/16th of a bit time. 

3. The tri-state output has 3 states: 1 ) low impeda nce to Vc c 2) lo w impedance to GND 3) high imoedance OFF s 
10M ohms The "OFF" state is controlled by the SWE andTTDt incuts. 
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DATA/CONTROL TIMING DIAGRAM 



TDS 



DATA INPUTS 
tr = tf = 20 ns 

TSET-UP>0 
Thold > 



cs 



VlH 
ViL 

TSET-UP 



\ 



VlH 
ViL 



VlH 
ViL 



): 



/ 



Tpw* 



Thold 



K 



/ 



Tpw 



TSET-UP 



CONTROL INPUTS 



VlH \^^ 



\ 



Thold 



K 



•Input information (Data/Control) need onl ybe v alid during 
the last Tpw, min time of the input strobes (TDS, CS). 



OUTPUT TIMING DIAGRAM 



RDE,SWE 


VlL-^ 


^ 








7 


/ 














"*- Outputs Disabled 


OUTPUTS 

(RD1-RD8,RDA, 

RPE, ROR, RFE.TBMT) 




i 


i 


VOH 

Vol 






■< — 


— Tpdi, Tpdo - 


> 





NOTE: Waveform drawings not to scale for clarity. 
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Vol 
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Vol 
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FLOW CHART— TRANSMITTER 



1 TURN POWER ON 

2 PULSE EXTERNAL RESET 

3 SELECT BAUD RATE-16«CLK 




1 LOAD TRANSMITTER SHIFT REGISTER 

2 SO ■ (START BIT) 

3 EOC - 




TRANSMIT START BIT DATA 
BITS, SELECTED PAHITV MODE, 
AND STOP BIT(S) 




FLOW CHART— RECEIVER 



TURN POWER ON 
PULSE EXTERNAL RESET 
SELECT BAUD RATE - 16 x CLK 
SET CONTROL BITS 





YES SET PARITY 

ERROR REGISTER 
TOO 



YES SET FRAMING 

ERROR REGISTER 
TOO 



2 STROBE DATA ENABLE 



RESET DATA AVAILABLE - DA 



3 



S™o\RD MICROSYSTEMS 
CORPORATION. 



r 35 Marcus eM. Hawauge, N V, 11788 
15161273-3100 TVK-510-ffi7-8896 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information fias been carefully checked and is believed to be entirely reliable. How^ever, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 



COM 8251A 

fJLPC FAMILY 



Universal Synchronous/Asynchronous 
Receiver/Transmitter 



FEATURES 



USART 



D Asynchronous or Synchronous Operation 

— Asynchronous: 
5-8 Bit Characters 

Clock Rate— 1, 16 or 64 X Baud Rate 
Break Character Generation 
1,1V2or2StopBits 
False Start Bit Detection 
Automatic Break Detect and Handling 

— Synchronous: 
5-8 Bit Characters 

Internal or External Character Synchronization 
Automatic Sync Insertion 
Single or Double Sync Characters 
Programmable Sync Character(s) 

D Baud Rate — Synchronous — DC to 64K Baud 
—Asynchronous— DC to 19.2K Baud 
D Baud Rates available from SMC's COM 8116, 

COM 8126, COM 8136, COM 8146, and COM 8046 
D Full Duplex, Double Buffered Transmitter and 

Receiver 
n Odd parity, even parity or no parity bit 
D Parity, Overrun and Framing Error Flags 
D Modem Interface Controlled by Processor 
D All Inputs and Outputs are TTL Compatible 

GENERAL DESCRIPTION 

The COM 8251 A is an MOS/LSI device fabricated 
using SMC's patented COPLAMOS® technology that 
meets the majority of asynchronous and synchronous 
data communication requirements by interfacing 
parallel digital systems to asynchronous and 
synchronous data communication channels while 
requiring a minimum of processor overhead. The 
COM 8251 A is an enhanced version of the 8251 . 
The COM 8251A is a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) 
designed for microcomputer system data 
communications/The USART is used as a peripheral 
and is programmed by the processorto communicate 
in commonly used asychronous and synchronous 
serial data transmission techniques including IBM 
Bi-Sync. The USART receives serial data streams and 
converts them into parallel data characters for the 
processor. While receiving serial data, the USART 
will also accept data characters from the processor in 
parallel format, convert them to serial format and 
transmit. The USART will signal the processor when it 
has completely received or transmitted a character 
and requires service. Complete USART status, 
including data format errors and control signals such 
as TxE and SYNDET, is available to the processor at 
anytime. 



PIN CONFIGURATION 








D2 1 C 


O 


ZJ 28 D1 


D3 2 C 




D 27 DO 


RxD 3 CZ 




D 26 Vcc 


GND 4 CI 




Z2 25 RxC 


D4 5 C 
D5 6 C 




Z] 24 DTR 
I] 23 RTS 




D6 7 C 




Z3 22 DSR 


D7 8 C 




^ 21 RESET 


TxC 9 CI 

WR 10 C 




Z] 20 CLK 
^ 19 TxD 




CS 11 c 




^ 18 TxEMPTY 


C/D 12 C 




Z] 17 CTS 


RD 13 C 




Z] 16 SYNDET/BD 


RxRDY 14 C 




Z] 15 TxRDY 


PACKAGE: 28-pin 


D.I. P. 




D Compatable with Intel 8251 A, NEC a(PD8251A 

D Single -1-5 Volt Supply 

n Separate Receive and Transmit TTL Clocks 

n Enhanced version of 8251 

D 28 Pin Plastic or Ceramic DIP Package 

n COPLAMOS® N-Channel MOS Technology 

BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


28?5"8 


mo r>'> r>n 
Dl'.CW'-D? 


DATA S' "^ 


I/O, 


COM 8251A to the processor data bus. Data Is transmitted or 
received by the bus in response to input/output or Read/Write 
instructions from the processor. The DATA BUS also transfers 
Control words, Command words, and Status. 


3 


RxD 


RECEIVER DATA 


1 


This input receives serial data Into the USART. 


4 


GND 


GROUND 


GND 


Ground 


9 


TxC 




1 




TRANSMITTER 


TheTRANSMITTER CLOCK controls the serial charactertrans- 
mission rate. In the Asynchronous mode, the TxC frequency is 
a multiple of the actual Baud Rate. Two bits of the Modelnstruc- 
tion select the multiple to be 1 X, 16X, or64X the Baud Rate. In the 
Synchronous mode, the TxC frequency is automatically se- 
lected to equal the actual Baud Rate. 

Note that for both Synchronous and Asynchronous modes, 
serial data is shifted out of the USART by the falling edgeof TxC. 


CLOCK 


10 


WR 




1 


A "zero" on this input instructs the COM 8251 A to accept the 
data or control word which the processor is writing out to the 
USART via the DATA BUS. 


WRITE DATA 


11 


CS 




1 


A "zero" on this input enables the USART for reading and writing 
to the processor. When C§ is high, the DATA BUS is in the float 
state and RD and Wft will have no effect on the chip. 


CHIP SELECT 


12 


C/D 




1 


The Control/Data input, in conjunction with the WR and RD 
inputs, informs the USARTto accept or provide either a data 
character, control word or status information via the DATA BUS. 
= Data; 1 = Control/Status 


CONTROL/DATA 


13 


RD 




1 


A "zero" on this input instructs the COM 8251 A to place the data 
or status information onto the DATA BUS for the processor 
to read. 


READ DATA 


14 


RxRDY 


RECEIVER READY 





The RECEIVER READY output indicates that the Receiver 
Buffer is ready with an "assembled" character for input to the 
processor. For polled operation, the processor can check 
RxRDY using a Status Read or RxRDY can be connected to the 
processor interrupt structure. Note that reading the character 
to the processor automatically resets RxRDY. 


15 


TxRDY 


TRANSMITTER READY 





TRANSMITTER READY signals the processor that the trans- 
mitter is ready to accept a data character. TxRDY can be used 
as an interrupt or may be tested through the Status information 
polled operaton. TxRDY is automatically reset by the leading 
edge of wR when a data character is loaded from the processor. 


16 


SYNDET/ 
BRKDET 


SYNC DETECT/ 
BREAK DETECT 


I/O 


The SYNDET feature is only used in the Synchronous mode. 
The USART may be programmed through the Mode Instruction 
to operate in either the internal or external Sync mode and 
SYNDET then functions as an output or input respectively. In 
the internal SYNC mode, the SYNDET output will goto a "one" 
when the COM 8251.A has located the SYNC character in the 
Receive mode. If double SYNC character (bi-sync) operation 
has been programmed, SYNDET will go to "one" in the middle 
of the last bit of the second contiguously detected SYNC char- 
acter. SYNDET is automatically reset to "zero" upon a Status 
Read or RESET. In the external SYNC mode, a "zero" to "one" 
transition on the SYNDET input is sampled during the negative 
half cycle of RxC and will cause the COM 8251A to start as- 
sembling data character on the next rising edge of RxC. The 
length of the SYNDET input should be at least one RxC period, 
but may be removed once the COM 8251A is in SYNC. When 
external SYNC DETECT is programmed, the internal SYNC 
DETECT is disabled. 
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PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


16 
(cont.) 








The SYNDET/BRKDET pin Is used in both Synchronous and 
Asynchronous modes. When in SYNC mode the features for 
the SYNDET pin described above apply. When in Asynchronous 
mode, the BREAK Dt 1 bCT output will go high when an all zero 
word of the programmed length is received. This word consists 
of: start bit, data bit, parity bit and one stop bit.Resetonly occurs 
when Rx Data returns to a logic one state or upon chip RESET. 
The state of BREAK DETECT can also be read as a status bit. 


^7 


CTS 




1 




CLEAR TO SEND 


A "zero" on the CLEAR TO SEND input enables the USARTto 
transmit serial data if the TxEN bit in the Command Instruction 
register is enabled (one). 

If either a TxEN off or CTS off condition occurs while the Tx is 
in operation, the Tx will transmit all thedataintheUSART written 
prior to the Tx Disable command before shutting down. 


18 


TxE 


TRANSMITTER EMPTY 





The TRANSMITTER EMPTY output signals the processor that 
the USART has no further characters to transmit. TxE is auto- 
matically reset upon receiving adatacharacterfromtheproces- 
sor. In half-duplex, TxE can be used to signal end of a trans- 
mission and request the processor to "turn the line around". 
The TxEN bit in the command instruction does not effect TxE. 

In the Synchronous mode, a "one" on this output indicates that 
a SYNC character or characters are about to be automatically 
transmitted as "fillers" because the next data character has not 
been loaded; an underflow condition. If the USART is operat- 
ing in the two SYNC character mode, bothSYNCcharacters will 
be transmitted before the message can resume. TxE does not 
go low when the SYNC characters are being shifted out. TxE 
goes low upon the processor writing a character to the USART. 


19 


TxD 


TRANSMITTER DATA 





This output is the transmitted serial dataf rom the USART. When 
a transmission is concluded the TxD line will always return to 
the marking state unless SBRK is programmed. 


20 


CLK 


CLOCK PULSE 


1 


The CLK input provides for internal device timing. External 
inputs and outputs are not referenced to CLK, but the CLK 
frequency must be greater than 30 times the RECEIVER or 
TRANSMITTER CLOCKS in the IX mode and greater than 4.5 
times for the 16X and 64X modes. 


21 


RESET 


RESET 


1 


A "one" on this input forces the USART into the "idle" mode 
where it will remain until reinitialized with a new set of control 
words. RESET causes: RxRDY=TxRDY=TxEmDtv=SYNDET/ 
BRKDET = 0; TxD = DTR = RST = 1. Minimum RESET pulse 
width is 6 tcv, CLK must be running during RESET. 


22 


DSR 




1 




DATA SET READY 


The DATA SET READY input can be tested by the processor 
via Status information. The bSR input is normally used to test 
Modem Data Set Ready condition. 


23 


RTS 









REQUEST TO SEND 


TheREQUEST TO SEND output iscontrolled via theCommand 
word. The RTS output is normally used to drive the Modem 
Request to Send line. 


24 


ftTft 









C)AtA TERMINAL 
READY 


The DATA TERMINAL READY output is controlled via the 
Command word. The DTR output is normally used to drive 
Modem Data Terminal Ready or Rate Select lines. 


25 


^xC 




1 




ReCEIVER CLOCK 


The RECEIVER CLOCK is the rate at which the incoming char- 
acter is received. 1 n the Asynchronous mode, the RxC frequency 
may be 1, 16 or 64 times the actual Baud Rate but in the Syn- 
chronous mode the RxC frequency must equal the Baud Rate. 
Two bits in the mode instruction select Asynchronous at IX, 
16X or64X or Synchronous operation at IX the Baud Rate. 

Data is sampled into the USART on the rising edge of RxC. 


26 


Vcc 


Vcc SUPPLY VOLTAGE 


PS 


+5 volt supply 
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DESCRIPTION OF OPERATION— ASYNCHRONOUS 



Transmission— 

When a data character is written into the USART, it auto- 
matically adds a START bit (low level or "space") and the 
numoer of STOP bits (high level or "mark") specified.by 
the Mode Instruction. If Parity has been enabled, an odd 
or even Parity bit is inserted just before the STOP bit(s), 
as spec ified by the Mode Instruction. Then, depending 
on CIS and TxEN, the character may be transmitted as a 
serial data stream atjheTxD output. Data is shifted out by 
the failing edg e of ixu at a transmission rate of TxC, 
TxC/16 or 7xC/64, as defined by the Mode Instruction. 

if no data characters have been loaded into the USART, or 
if all available characters have been transmitted, the TxD 
output remains "high" (marking) in preparation for send- 
ing the START bit of the next character provided by the 
processor TxD may be forced to send a BREAK (con- 
tinuously low) by setting the correct bit in the Command 
Instruction. 



Receive— 

The RxD input line is normally held "high" (marking) by 
the transmittina device. A fallina edae Ihiah to low transi- 
tion) at RxD signals the possible'beglnning of a START bit 
and a new character The receiver is thus prevented from 
starting in a "BREAK" state. The START bit is verified by 
testing for a "low" at its nominal center as specified by the 
BAUD RATE. If a "low" is detected, it is considered valid, 
and the bit assembling counter starts counting. The bit 
counter locates the approximate center of the data, parity 
(if specified), and STOP bits. The parity error flag (PE) is 
set, if a parity error occurs. Inpu t bits are sampled at the 
RxD pin with the rising edge of RxC. If a high is not de- 
tected for the STOP bit, which normally signals the end 
of an input character, a framing error (FE) will be set. After 
the STOP bit time, the input character is loaded into the 
paralled Data Bus Buffer of the USART and the RxRDY 
signal is raised to indicate to the processor that a character 
is ready to be fetched. If the processor has failed to fetch 
the previous character, the new character replaces the old 
and overrun flag (OE) is set. All the error flags can be reset 
by setting a bit in the Command Instruction. Error flag 
conditions will not stop subsequent USART operation. 



DESCRIPTION OF OPERATION— SYNCHRONOUS 



Transmission — 

As in Asynchronous transmission, the TxD output re- 
mains "high" (marking) until the USART receives the first 
character (usually a SYNC character) from the processor 
After a Command Instruction has set TxEN and after 
Clear to Send (CTS) goes low, the first character is serially 
transmitted. Data is shifted out on the falling edge of TxC 
at the same rate as TxC. 

Once transmission has started. Synchronous Data Pro- 
tocols requ ire that the serial data stream at TxD continue 
at the TxC rate or SYNC will be lost. If a data character is 
not provided by the processor before theUSARTTransmit 
Buffer becomes empty, the SYNC character(s) loaded 
directly following the Mode Instruction will be automat- 
ically inserted in the TxD data stream. The SYNC char- 
acter(s) are inserted to fill the line and maintain s"n'*hr'^n= 
ization until the new data characters are available for 
transmission. If the USART becomes empty, and must 
send the SYNC character(s), the TxEMPTY output is 
raised to signal the processor that the Transmitter Buffer 
is empty and SYNC characters are being transmitted. 
TxEMPTY is automatically reset by the next character 
from the processor 

Receive— 

In Synchronous receive, character synchronization can 
be either external or internal. If the internal SYNC mode 



has been selected, the ENTER HUNT (EH) bit has been 
set by a Command Instruction, the receiver goes into the 
HUNT mode. 

Incomin g da ta on the RxD input is sampled on the rising 
edge of RxC, and the contents of the Receive Buffer are 
compared with the first SYNC character after each bit has 
been loaded until a match is found. If two SYNC characters 
have been programmed, the next received character is 
also compared. When the (two contiguous) SYNC char- 
acter(s) programmed have been detected, the USART 
leaves the HUNT mode and is in character synchroniza- 
tion. At this time, the SYNDET (output) isset high. SYNDET 
is automatically reset by a STATUS READ. 

If external SYNC has been specified in the Mode Instruc- 
tion, a "o ne" applied to the SYNDET (input) for at least 
one RxC cycle will synchronize the USAr't. ' 

Parity and Overrun Errors are treated the same in the 
Synchronous as in the Asynchronous Mode. If not in 
HUNT, parity will continue to be checked even if the re- 
ceiver is not enabled. Framing errors do pot apply in the 
Synchronous format. 

The processor may command the receiver to enter the 
HUNT mode with a Command Instruction which sets 
Enter HUNT (EH) if synchronization is lost. Under this 
condition the Rx register will be cleared to all "ones". 
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OPERATION AND PROGRAMMING 



The microprocessor program controlling the COM 8251 A 
performs these tasks: 

• Outputs control codes 

• Inputs status 

• Outputs data to be transmitted 

• Inputs data which has been received 



Control codes determine the mode in which the COM 
8251A will operate and are used to set or reset control 
signals output by the COM 8251A. 

The Status register contents will be read by the program 
monitoring this device's operation in order to determine 
error conditions, when and how to read data, write data or 
output control codes. Program logic may be based on 
reading status bit levels, or control signals may be used 
to request interrupts. 



INITIALIZING THE COM 8251A 



Figure 1. Control Word Sequences for Initialization 



C/D = 1 



0/0 = 0- 



C/D = i 



C/B = < 



MODE CONTROL 



COMMAND 



INITIALING 
SEQUENCE 



C/D = 1 ■< 



C/D = 
C/D=i 
C/D = 



MODE CONTROL 



SYNC #2 
(OPTIONAL) 



INITIALING 
SEQUENCE 



ASYNCHRONOUS OPERATION 



SYNCHRONOUS OPERATION 



The COM 8251A may be initialized following a system 
RESET or prior to starting a new serai I/O sequence. The 
USART must be RESET (external or internal) following 
power up and subsequently may be reset at any time 
following completion of one activity and preceding a 
new set of operations. Following a reset, the COM 8251 A 
enters an idle state in which it can neither transmit nor 
receive data. 

The COM 8251 A is initialized with two, three or four con- 
trol words from the processor. Figure 1 shows the sequence 
of control words needed to initialize the COM 8251A, for 
synchronous or for asynchronous operation. Note that 
in asynchronous operation a mode control is output to 
the device followed by a command. For synchronous 
operation, the mode control is followed by one or two 
SYNC characters, and then a command. 

Only a single address is set aside for mode control bytes, 
command bytes and SYNC character bytes. Forthisto be 
possible, logic internal to the chip directs control informa- 
tion to its proper destination based on the sequence in 
which it is received. Following a RESET (external or inter- 
nal), the first control code output is interpreted as a mode 
control. If the mode control specifies synchronous opera- 
tion, then the next one or two bytes (as determined by the 



mode byte) output as control codes will be interpreted as 
SYNC characters. For either asynchronous or synchro- 
nous operation, the next byte output as a control code is 
interpreted as a command. All subsequent bytes output 
as control codes are interpreted as commands. There are 
two ways in which control logic may return to anticipating 
a modecontrol input; following aRESETinputorfollowing 
an internal reset command. A reset operation (internal via 
IR or external via RESET) will cause the USART to inter- 
pret the next "control write", which should immediately 
follow the reset, as a Mode Instruction. 

After receiving the control words the USART is ready to 
communicate. TxRDY is raised to signal the processor 
that the USART is ready to receive a character for trans- 
mission. Concurrently, the USART is ready to receive 
serial data. 



C/D 


RD 


WR 


us 












1 





USART - Data Bus 







1 








Data Bus - USART 




1 





1 





Status - Data Bus 




1 


1 








Data Bus - Control 




X 


X 


X 


1 


Data Bus - 3-State 




X 


1 


1 
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MODE CONTROL CODES 



The COM 8251A interprets mode control codes as illus- 
trated in Figures 2 and 3. 

Control code bitsOandl determine whether synchronous 
or asynchronous operation is specified. A non-zero value 



in Kite n anrl 1 cnar^ifiao o« 



fines the relationship between data transfer baud rate and 
receiver or transmitter clock rate. Asynchronous serial 
data may be received or transmitted on every clock pulse, 
on every 16th clock pulse, or on every 64th clock pulse, 
as programmed. A zero in both bits and 1 defines the 
mode of operation as synchronous. 

For synchronous and asynchronous modes, control bits 
2 and 3 determine the number of data bits which will be 
present in each data character. Inthecaseof aprogrammed 
character length of less than 8 bits, the least significant 
DATA BUS unused bits are "don't care" when writing data 
to the USART and will be "zeros" when reading data. Rx 
datawill be right justified onto DO and the LSB for Tx data 
is DO. 

For synchronous and asynchronous modes, bits 4 and 5 



determine whether there will be a parity bit in each char- 
acter, and if so, whether odd oreven parity will be adopted. 
Thus in synchronous mode a character will consist of five, 
six, seven or eight data bits, plus an optional parity bit. In 
asynchronous modp thp Hnta imit uij!! consist of five six 
seven or eight data bits, an optional parity bit, a preceeding 
start bit, plus 1 , 1 V2 or 2 trailing stop bits. Interpretation of 
subsequent bits differs for synchronous or asynchronous 
modes. 

Control code bits 6 and 7 in asynchronous mode determine 
how many stop bits will trail each data unit. 1 'a stop bits 
can only be specified with a 16X or 64X baud rate factor. 
In these two cases, the half stop bit will be equivanlent to 
8 or 32 clock pulses, respectively. 

In synchronous mode, control bits 6 and 7 determine 
how character synchronization will be achieved. When 
SYNDET is an output, internal synchronization isspecified; 
one or two SYNC characters, as specified by control bit 7, 
must be detected at the head of a data stream in order to 
establish synchronization. 



COMMAND WORDS 



Command words are used to initiate specific functions 
within the COM 8251A such as, "reset all error flags" or 
"start searching for sync". Consequently, Command 
Words may be issued by the processor to the COM 8251 A 
at any time during the execution of a program in which 



specific functions are to be initialized within the com- 
munication circuit. 

Figure 4 shows the format for the Command Word. 



Figure 4. COM 8251A Control Command 

7 6 5 4 3 2 1 Om Bit No. 



ii iL u n n a 



TxEN 

1 = Enable transmission 

= Disable transmission 

5TR 

1 = DTR output is forced to 

RxE 

1 = Enable RxRDY 

= Disable RxRDY 

SBRK 

1 = TxD is forced low 
= Normal operation 



1 = Resets all error flags in 
Status register (PE, OE, FE) 

RTS 

1 = RTS output is forced to 

IR 

1 = Reset format 

EH 

1 = Enter HUNT mode 
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Figure 2. Synchronous Mode Control Code. 



n a 



Bit No. 



Sync mode 

00 5 bits per character 

01 6 bits per character 

10 7 bits per character 

1 1 8 bits per character 

= Parity disable, 1 = Parity enable 
= Odd parity, 1 = Even parity 



= SYNDET output 
1=SYNDET input 

= 2 SYNC characters 

1 = 1 SYNC character 



Figure 3. Asynchronous IMode Control Code. 



7 6 5 4 3 2 10 



■Bit No. 



A 



t t 



00 Invalid (SYNC mode) 

01 Async mode, 1 X Baud rate factor 

" 1 Async mode, 1 6X Baud rate factor 

1 1 Async mode, 64X Baud rate factor 

00 5 bits per character 

01 6 bits per character 
" 10 7 bits per character 

11 8 bits per character 

- = Parity disable, 1 = Parity enable 

- = Odd parity, 1 = Even parity 

00 Invalid 

01 1 stop bit 
"l0 IV2 stop bits 

1 1 2 stop bits 
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Bit of the Command Word is tlie Transmit Enable bit 
(TxEN). Data transmission for the CO M 825 1A cannot 
tal<e place unless TxEN is set (assuming CTS = 0) in the 
command register TheTX Disable command is prevented 
from halting transmission by the Tx Enable logic until all 
data previously written has been transmitted. Figure 5 
defines the way in which TxEN, TxE and TxRuY comoines 
to control transmitter operations. 



Bit 1 is the Data Terminal Ready (DTR) bit. When the DTP 
com mand bit Is set, the DTR output connection is active 
(low). DTR isusedtoadviseamodemthatthedataterminal 
is prepared to accept or transmit data. 



Bit 2 is the Receiver Enable Command bit (RxE). RxE is 
used to enable the RxRDY output signal. RxE, when zero, 
prevents the RxRDY signal from being generated to notify 
the processor that a complete character is framed in the 
Receive Character Buffer It does not inhibit the assembly 
of data characters at the input, however Consequently, 
if communication circuits are active, characters will be 
assembled by the receiver and transferred to the Receiver 
Buffer If RxE is disabled, the overrun error (OE) will prob- 
ably be set; to insure proper operation, the overrun error 
is usually reset with the same command that enables RxE. 





Figures. 
Operation of tiie Transmitter Section as a Function of TxE, TxROY and TxEN 


TxEN 


TxE 


TxRDY 


1 


1 


1 Transmit Output Register and Transmit Character Buffer empty. 
TxD continues to mark if COM 8251A is in the asynchronous mode. 
TxD will send SYNC pattern if COM 8251A is in the Synchronous 
Mode. Data can be entered into Buffer 


1 





1 Transmit Output Register is shifting a character. Transmit Character 
Buffer is available to receive a new byte from the processor 


1 


1 


Transmit Register has finished sending. A new character is waiting 
for transmission. This is a transient condition. 


1 





Transmit Register is currently sending and an additional character 
is stored in the Transmit Character Buffer for transmission. 





0/1 


0/1 Transmitter is disabled. 



Bits is theSend Break Command bit (SBRK).WhenSBRK 
is set, the transmitter output (TxD) is interrupted and a 
continuous binary "0" level, (spacing) isappliedtotheTxD 
output signal. The break will continue until a subsequent 
Command Word is sent to theCOM8251AtoremoveSBRK. 
Bit 4 is the Error Reset bit (ER). When a Command Word 
is transferred with the ER bit set, all three error flags (PE, 
OE, FE) in the Status Register are reset. Error Reset occurs 
when the Command Word is loaded into the COM 8251 A. 
No latch is provided in the Command Register to save the 
ER command bit. 



Bit 5, the Request To Se nd Command bit (RTS), sets a 
latch to reflect the RTS signal level. The output of this 
latch is created independently of other signals in the 
COM 8251A. As a result, data transfers may be made by 
the processor to the Transmit Register, and data may be 
actively transmitted to the co mmun ication line through 
TxD regardless of the status of RTS. 

Bit 6, the Internal Reset (IR), causes the COM 8251A to 



return to the Idle mode. All functions within the COM 
8251 A cease and no new operation can be resumed until 
the circuit is reinitialized. If the operating mode is to be 
altered during the execution of a processor program, the 
COM 8251A must first t>e reset. Either the RESET input 
can be activated, or the Internal Reset Command can be 
sent to the COM 8251A. Internal Reset is a momentary 
function performed only when the command is issued. 

Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt 
mode command is only effective for the COM 8251 A when 
it is operating in the Synchronous mode. EH causes the 
receiver to stop assembling characters at the PxD input, 
clear the Rx register to all "ones", and start searching for 
the prescribed sync pattern. Once the "Enter Hunt" mode 
has been initiated, the search for the sync pattern will 
continue indefinitely until EH is reset when a subsequent 
Command Word is sent, when the IR command is sent to 
the COM 8251A, orwhen SYNC characters are recognized. 
Parity is not checked in the EH mode. 



STATUS REGISTER 



The Status Register maintains information about the 
current operational status of the COM 8251 A. Status can 
be read at any time, however, the status update will be 
inhibited during status read. Figure 6 shows the format of 
the Status Register 

TxRDY signals the processor that the Transmit Character 
Buffer is empty and that the COM 8251 A can accept a new 
character for transmission. The TxRDY status bit is not 



totally equivalent to the TxRDY output pin, the relationship 
is as follows: 

TxRDY (status bit) = Tx Character Buffe r Emp ty 
TxRDY (pin 15) = Tx Character Buffer Empty • CTS • TxEN 

RxRDY signals the processor that a completed character 
is holding in the Receive Character Buffer Register for 
transfer to the processor 
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Figure 6. The COM 8251A Status Register 

7 6 5 4 3 2 10 -^ Bit No. 



>i a >i A ii A A i. 



TxE signals the processor that the Transmit Register 
is empty. 

PE is the Parity Error signal indicating to the CPU that the 
character stored in the Receive Character Buffer was 
received with an incorrect number of binary "1" bits. PE 
does not inhibit USART operation. PE is reset by the ER bit. 
OE is the receiver Overrun Error. OE is set whenever a byte 
stored in the Receiver Character Register is overwritten 
with a new byte before being transferred to the processor. 
OE does not inhibit USART operation. OE is reset by the 
ER bit. 

FE (Async only) is the character framing error which in- 
dicates that the asynchronous mode byte stored in the 
Receiver Character Buffer was received with incorrect bit 
format ("0" stop bit), as specified by the current mode. FE 
does not inhibit USART operaton. FE is reset by the ER bit. 



Note: 

1. While operating the receiver it is important to realize 
that the RxE bit of the Command Instruction only in- 
hibits the assertion of RxRDY; it does not inhibit the 
actual reception of characters. As the receiver is con- 
stantly running, it is possible for it to contain extraneous 
data when it is enabled. To avoid problems this data 
should be read from the USART and discarded. This 
read should be done immediately following the setting 
of the RxE bit in the asynchronous mode, and following 
the setting of EH in the synchronous mode. It is not 
necessary to wait for RxRDY before executing the 
dummy read. 

2. ER should be performed whenever RxE of EH are pro- 
grammed. ER resets all error flags, even if RxE = 0. 



TxRDY 
RxRDY 
TxE 



PE 

Parity error 

OE 
Overrun error 

FE 

Framing error 

SYNDET/BRKDET 



DSR 



SYNDET is the synchronous mode status bit associated 

with internal or external sync detection. 

DSR is the status bit set by the external Data Set Ready 

signal to indicate that the communication Data Set is 

operational. 

All status bits are set by the functions described for 

them. SYNDET is reset wheneverthe processor reads the 

Status Register. OE, FE, PE are reset by the error reset 

command or the internal reset command or the RESET 

input. OE, FE, or PE being set does not inhibit USART 

operation. 

Many of the bits in the status registerare copies of external 

pins. This dual status arrangement allows the USART to 

be used in both Polled and Interrupt driven environments. 

Status update can have a maximum delay of 16 tcv periods. 



3. The USART may provide faulty RxRDY forthe first read 
after power-on or for the first read after the receiver is 
re-enabled by a command instruction (RxE). A dummy 
read is recommended to clear faulty RxRDY. This is not 
the case for the first read after hardware or software 
reset after the device opratlon has been established. 

4. Internal Sync Detect is disabled when External Sync 
Detect is programmed. An External Sync Detect Status 
is provided through an internal flip-flop which clears 
itself, assuming the External Sync Detect assertion has 
removed, upon a status read. As long as External Sync 
Detect is asserted, External Sync Detect Status will 
remain high. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0° C to +70° C 

Storage Temperature Range — 55°C to +150°C 

Lead Temperature (soldering, 10 sec) +325°C 

Positive Voltage on any Pin, with respect to ground +8 OV 

Negative Voltage on any Pin, w/ith respect to ground -n -^v/ 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these at any other condition above those indicated in the operational 

sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 

Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit 

voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this 

possibility exists it is suggested that as clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70° C, Vcc = +5V ±5%, unless otherwise noted) 



SYMBOL 



PARAMETER 



MIN. 



MAX. 



D.C. Characteristics 



ViL 


Input Low Voltage 


VlH 


Input High Voltage 


Vol 


Output Low Voltage 


VOH 


Output High Voltage 


loFL 


Output Float Leakage 


IlL 


Input Leakage 


Ice 


Power Supply Current 


Capacitanc 


e 


CiN 


Input Capacitance 


Ci/0 


I/O Capacitance 



Address Stable Before READ (CS, C/D) 
Address Hold Time for READ (C§, C/D) 



READ Pulse Width 



Data Delay from READ 



A.C. Characteristics 
Bus Parameters (Note 1 ) 
Read Cycle: 

tAR 
tRA 
tpR 
tfiD 
tDF 

Write Cycle: 

tAW 
twA 
+ 

tow 

twD 
tfiV 



READ to Data Floating 



Address Stable Before WRITE 



Address Hold Time for WRITE 



\A/DITC: O. .1 lA/:_lil_ 

v»ni I C r uioc vviuu I 



Data Set U p Ti me f or WR ITE 



Data Hold Time for WRITE 
Recovery Time Between WRITES 



Other Timings: 



tcY 

U 



Clock Period 

Clock High Pulse Width 

Clock Low Pulse Width 



.320 

120 

90 



10 
20 



1.35 
tcY-90 



UNIT 



TEST CONDITIONS 



-0.3 


0.8 


V 


2.0 


Vcc 


V 




0.45 


V 


2.4 




V 




+10 


M 




±10 


M 




100 


mA 



PF 
pF 



yWS 

ns 
ns 








ns 







ns 


250 




ns 




200 


ns 


10 


100 


ns 

■ 



loL = 2.2 mA 
\oH — —400fiA 
VouT = Vcc TO 0.45V 
ViN = Vcc TO 0.45V 
All Outputs = High 

Ta = 25°C,Vcc = GND 

fc = 1MHz 

Unmeasured pins returned to GND 



Note 2 
Note 2 



Note3, Cl = 150pF 








ns 


o 




ns 


250 




ns 


150 




ns 







ns 


6 




tcY 



Note 4 



Notes 5, 6 
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SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNIT 


TEST CONDITIONS 




tR.tF 


Clock Rise and Fall Time 


5 


20 


ns 






toTx 


TxD Delay from Falling Edge of TxC 




1 


fiS 






tsRx 


Rx Data Set-Up Time to Sampling Pulse 


2 




/JS 






tHRx 


Rx Data Hold Time to Sampling Pulse 


2 




/JS 






fix 


Transmitter Input Clock Frequency 
IX Baud Rate 
16X Baud Rate 
64X Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 






trpw 


Transmitter 1 n put Clock Width 
IX Baud Rate 
16X and 64X Baud Rate 


12 

1 




tcY 
tcY 






tlPD 


Transmitter Input Clock Pulse Delay 
IX Baud Rate 
16X and 64X Baud Rate 


15 
3 




tcY 
tcY 






fpx 


Receiver Input Clock Frequency 
IX Baud Rate 
16X Baud Rate 
64X Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 






tppw 


Receiver Input Clock Pulse Width 
IX Baud Rate 
16X and 64X Baud Rate 


12 
1 




tcY 
tcY 






tfiPD 


Receiver Input Clock Pulse Delay 
IX Baud Rate 
16X and 64X Baud Rate 


15 
3 




tcY 
tcY 






tTxRDY 


TxRDY Pin Delay from Center of last Bit 




8 


tcy 


Note? 




tlxRDY CLEAR 


TxRDY i from Leading Edge of WR 




150 


ns 


Note? 




tpxRDY 


RxRDY Pin Delay from Center of last Bit 




24 


tcY 


Note? 




tfixRDY CLEAR 


RxRDY I from Leading Edge of RD 




150 


ns 


Note? 




tis 


Internal SYNDET Delay from Rising 
Edge of RxC 




24 


tcY 


Note? 




tES 


External SYNDET Set-Up Time Before 
Falling Edge of RxC 




16 


tcY 


Note? 




tlxEMPTY 


TxEMPTY Delay from Center of Data Bit 




20 


tcY 


Note? 




twc 


Control Delay from Rising Edge of 
WRITE (TxEn, DTR, RTS) 




8 


tcY 


Note? 




tcR 


Control to READ Set-Up Time (DSR, CTS) 




20 


tCY 


Note? 






NOTES: 1. AC timings measured Voh = 2.0, VoL= 0.8,and with load circuit of Figure 1. 

2. Cfilp Select (CS) and Command/Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid before Rot. 

4. This recovery time is for RESET and Mode Initialization. Write Data is allowed only when TxRDY = 1. Recovery Time between 
Writes for Asynchronous Mode is 8 tcY and for Synchronous Mode is 16 tcY. 

5. The TxC and RxC frequencies have the following limitations with respect to CLK. 

For 1 X Baud Rate, fix or f rx < 1/(30 tcY) 

For 16X and 64X Baud Rate, fix or f rx < 1/(4.5 tcY) 

6. Reset Pulse Width = 6 tcY minimum; System Clock must be running during RESET. 

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 



2V 

I 420 fi 
SZ 1N914 



I 

Figure 1. 



Typical A Output 

Delay Versus 

A Capacitance (pF) 









,/ 






/ 






/ 


SPEC 




/ 


/ 







TEST LOAD CIRCUIT 



A CAPACITANCE (pF) 
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WAVEFORMS 



System Clock Input 






*-«a-^H-«s-» 



tLJyr^L.y-\ 



Transmitter Clock & Data 



TlSdxMODE) \. 



■ tTPW ►U- 

h 



/ 



"\ 



VA/tAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA/V 

— n r-'DTx 'dtx-H h— 

) t i 



Receiver Clock & Data 



RxC(lxMODE) 



RxC (16xMODE) 



(Rx BAUD COUNTER STARTS HERE) 
START BIT 



8 RxC PERIODS 
(16xM0DEI 



-16 RxC PERIODS (16xMODE|- 




A- 



~)( DATA BIT 
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Write Data Cycle (CPU -* USART) 



"\L 



lU— ^tTxRDYCLEAR 

JU tww •] I 



Ij' 



DATA IN (D.B.) 



^ DATA STABLE ^ 



:i 



^ 



' t WA ! 



/ 



Read Data Cycle (CPU *- USART) 



x 



tRxRDY CLEAR 

'RR ► 



DATA OUT (D.B.I 



DATA FLOAT 



DATA OUT ACTIVE 



DATA FLOAT 



Write Control or Output Port Cycle (CPU -* USART) 



DTR, RTS 
(NOTE =1) 



DATA IN (D.B.) 



■.-A 



\ 


IDW 


J 


-^ tWD 


c 




-y 




'AW 


r- ^ tIAlA 


/ 


<AW 


r* — A 'WA 


^_ 


/ 



N0TE=1: T^r INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE. 
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Read Control or Input Port (CPU *- USART) 



DSR, CTS 

(N0TF=1I 


X 










k- 


tCR ► 






[ 


RD 






tF 


tRD 


-^K 


tDF 










"i- 
^ 


(D.B.I 




— -\ tAR 


^.. 






tRA 


C/D 




^ tAR 


., 




, 


tRA 




CS 




~\ 


y 



NOTEcl: Tjp INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY. 



Transmitter Control & Flag Timing (ASYNC Mode) 



Tx READY 
(STATUS eiTI 



Tx READY 
(PINI 



/ 




tTxRDY-^I [■•— 



^h 



j-x 



Wr DATA 1 Wr DATA 2 Wr DATA 3 Wr DATA 4 



^r 



\K 




DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 



■^ y 



■r 



J r 




EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 



Receiver Control & Flag Timing (ASYNC Mode) 



BREAK DETECT 



["— IRxRDY 



J DATA 8 
~^ CMAR! p 



^-x 



1!- 



-i ^■ 



t:', M. 



WtR>En ,^ IWrRitEn 



M" 



DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 



EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS 
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Transmitter Control & Flag Timing (SYNC Mode) 




tk data 
example format = 5 bit characte 



11 SPACING! MARKING\ DATA ; SYMC 

i STATE STATE J CHAR & I CHAR ETC 



/, 2 SYNC CHARACTERS. 



Receiver Control & Flag Timing (SYNC Mode) 



/\!L°r. '^M^ n^ 




EXIT HUNT MODE / 
SETSYNDET (STATUS BIT) 



SET SYNDET (STATUS BIT) 
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APPLICATION OF THE COM8251A 



Asynchronous Serial Interface to CRT Terminal, 
DC to 9600 Baud 



ADDRESS BUS 



CONTROL BUS 



^ 



■VW 



n 




Asynchronous Interface to Telephone Lines 



CONTROL BUS 



R>D 
T.D 
OSR 

Btr 




ASVNC 
MODEM 




PHONE 
LINE 

INTER- 
FACE 




















comzsM CTS 

HTS 






J , 




t 






i>c 


BAUD 

RATE 

GENERATOR 


TEL 




PH( 



Synchronous Interface to Terminal or Peripheral Device 



ADDRESS BUS 



CONTROL BUS 






C0H<2S1* RkC 



n 



SYNCHRONOUS 

TERMINAL 

OR PERIPHERAL 

DEVICE 



Synchronous Interface to Telephone Lines 



ADDRESS BUS 



3 



CONTROL BUS 



m 



R>D 
COH82S1A '''° 

SVNDET 
CTS 
HT5 
DSR 
BTfi 




SYNC 
MODEM 




PHONE 
LINE 

INTER 
FACE 



































COM8251A Interface to/iP Standard System Bus 



ADDRESS BUS 



CONTROL BUS 



I/O rI I/O wl reset! 



7S 



LJ^ 



c/B K Dj-Dj RB^ WR reset clk 
COMa291A 



SJANOyjDMICROSYSTEMS 
CX)RPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make chanaes 
at any time in order to improve design and supply the best product possible 
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STANDARD MICROSYSTEMS 
CORPORATION. 



COM 9004 




IBM 3274/3276 
Compatible COAX Receiver/Transmitter 



FEATURES 

D Conforms to the IBM 3270 Interface Display 

System Standard 
D Transmits and Receives Manchester II Code 

n Detects and Generates Line Quiesce, Code 
Violation, Sync, Parity, and Ending Sequence 
(Mini Code Violation) 

n Multi Byte or Single Byte Transfers 

D Double Buffer Receiver and Transmitter 

n Separate Data and Status Select 

n Operates at 2.3587 MHz 

n TTL Compatible Inputs and Outputs 

D COPLAMOS® n-Channel Silicon Gate 
Technology 



PIN CUNrlvatJriAl iwrr 













Ky 






Vcc C 


1 


40 ] GND 1 


GND [; 


2 


39 


J T10 


TP C 


3 


38 


2 T9 


T9S C 


4 


37 


3 TBMT 


RDE Z 


5 


36 


3 TDS 


DO Z 


6 


35 


3 N/C- 


D1 C 


7 


34 


J DLOOP 


D2 C 


8 


33 


3 TD- 


D3 C 


9 1 


32 


3 T5 


D4 C 


10 


31 


5 TC 


D5 C 


11 


30 


] RD 


D6 C 


12 


29 


D ALOOP 


D7 C 


13 


28 


D RSSE 


R9 : 


14 


27 


2 BCLK 


R10 C 


15 


26 


D RDA 


SWE [ 


16 


25 


1 CVD 


RP [ 


17 


24 


] RTA 


scLK r 


18 


23 


1 DA 


Vk, C 


19 


22 


: V« 


GND [^ 


20 


21 n MR 1 


'Internally connected. Not for external 


use 


1 



GENERAL DESCRIPTION 



The COM 9004 is an MOS/LSI circuit which may be used 
to facilitate high speed data transmission. The COM 9004 
is fabricated using SMC's patented COPLAMOS® tech- 
nology and may be used to implement an interface between 
IBM 3274/3276 compatible control units and 3278/3287/ 
3289 compatible terminal units. The receiver and transmit- 
ter sections of the COM 9004 are separate and may be used 
independently of each other. 



The COM 9004 generates and detects the line quiesce, code 
violation, parity, and mini code violation bit patterns. 

The on-chip parity logic is capable of generating and 
checking either even or odd parity for the entire 10 bit data 
word. In addition, parity may be generated for the least sig- 
nificant 8 bits of the data word (this parity bit would replace 
the ninth data bit). 



rP 



BUS 
TRANS- 
CEIVER 



TRANSMIT 
HOLDING 
REGISTER 



-— IL^ 



# 



RECEIVE 
HOLDING 
REGISTER 



c 



TRANSMIT 

SHIFT 
REGISTER 



RECEIVE 

SHIFT 
REGISTER 



DLOOP 
ALOOP 
RDA 
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ORGANIZATION 



The COM 9004 is organized into 9 major sections. Com- 
munication between each section is achieved via internal 
data and control busses. 
Transmitter Holding Register 

Thg trsnsrnit holdiP" register is s 12 bit l8tch This latnh if? 
loaded with the transmit data and parity generation infor- 
mation from the system bus. 

Tri-State Buffers 

These buffers allow gating of the COM 9004's status word 
onto the system data bus. 

Bus Transceiver 

The bus transceiver allows bi-directional data transfer 
between the system data bus and the transmit and receive 
holding registers. 

Parity Generator 

This logic determines and generates the correct parity for 
the data in the transmitter holding register 

Transmitter Control 

This logic generates signals required to enable external 



transmit circuitry It also generates the Line Quiesce, Code 
Violation, sync bits and Mini Code Violation patterns. 

Transmitter Shift Register 

The transmitter shift register is an 11 bit parallel to serial 

chift ronictpr It annontc riaia frnm the trancmittor hnlrlinn 

register and the parity generation logic and converts it into 
serial form for transmission. 

Receive Control/Parity Check 

This logic checks the received character for the specified 
parity and ensures that no Transmit Check conditions 
occurred, it also handles the self test mode and generates 
a strobe when the complete data word is received. 

Receiver Shift Register 

This logic is a serial to parallel shift register that converts 
the received information into a 10 bit data word and RTA 
status bit. 

Receiver Holding Register 

This register holds the assembled data word until it is read 
by the processor. 



DESCRIPTION OF PIN FUNCTIONS 
Processor Related Signals 



PIN NO. 


NAME 


SYMBOL i FUNCTION | 


6-13 


Transmit/ 
Receive Data 
Bits 


D0-D7 


Bidirectional: 8 bit, three state data port used to transfer data between the COM 
9004 and the processor. 
DO is the first bit transmitted. 


4 


Transmit Bit 9 
Select 


T9S 


Input: A low level on this pin enables T9 to be transmitted as bit 9. A high level on 
this pin causes T9 to determine the type of parity bit generated for bits D0-D7. 


38 


Transmit Bit 9 


T9 


input: If T9S is low, this supplies transmit bit 9. If T9S is high, then T9 low forces 
odd parity and T9 high forces even parity to be generated for D0-D7. In this case 
the parity bit generated is transmit b\l 9. 


39 


Transmit Bit 10 


T10 


Input: This pin supplies transmit bit 10. 


3 


Transmit Parity 


TP* 


Input: This input controls the parity bit for transmit bits 1-10. A low level on this pin 
causes odd parity and a high level on this pin causes even parity to be generated 
for bits 1-10. The parity bit generated is transmit bit 1 1 . 


18 


System Clock 


SCLK 


Input: This signal is used to synchronize the COM 9004. The transmitter is loaded 
and started on the low to high transition of SCLK if TDS is low. DA is reset on the 
low to high transition of SCLK if RDA is low. 


36 


Transmitter 
Data Strobe 


TDS 


Input: This input and SCLK are used to load the transmitter holding register and I 
start the transmit sequence. Code Violation Detect (CVD) is reset at this time. 


26 


Reset Data 
Available 


RDA 


Input: This input and SCLK are used to reset DA. 


16 


Status Word 
Enable 


SWE 


Input: A low level at this pin enables the status word buffer outputs (DA, CVD, 
TBMT R9, RIO, and RTA). A high level on SWE places the status word buffer 
outputs in a high impedance state. 


23 


Receive Data 
Available 


DA 


This three-state output signal is at a high level when an entire word has been 
received and transferred into the receiver buffer register It is only set if a Transmit 
Check Condition did not occur 


25 


Code Violation 
Detected 


CVD 


This three-state output signal is at a high level if a valid Code Violation was 
detected at the receiver since the last time the transmitter was loaded. It is reset 
when the transmitter is loaded. 


37 


Transmit Buffer 
Empty 


TBMT 


This three-state output signal is at a high level when the transmit holding register 
may be loaded with new data. 


14 


Receive Bit 9 


R9 


This three-state output signal is receiver data bit 9. 


15 


Receive Bit 10 


RIO 


This three-state output signal is receiver data bit 10. 


24 


Receiver Turn- 
around 


RTA 


This three-state output signal is set to a high level when a valid Mini Code 
Violation is detected. It is only set if a Transmit Check did not occur It is reset 
when the transmitter is loaded. 


5 


Receive Data 
Enable 


RDE 


Input: A low level enables the outputs of the receive data register D0-D7, 


17 


Receiver 
Parity 


RP* 


Input: This input determines whether the entire received word will be checked for 
even or odd parity A low at this pin will cause a check for odd parity and a high at 
this pin will cause a check for even parity This input has an internal pull-up 
resistor. 



I he SYNC bit is included in parity checking. 
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DESCRIPTION OF PIN FUNCTIONS (cont.) 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


29 


Analog 
Loopback 


ALOOP 


Input: A low level on this pin disables the receiver except when the transmitter 
is active. A high level on this pin and DLOOP will cause the receiver to be 
disabled while the transmitter is active. 

ALOOP is used to allow loop-back through the line drivers and receivers. This 
input has an internal pull-up resistor. 


34 


Digital 
Loopback 


DLOOP 


Input: A low_level on this pin disables the receiver except when the transmitter 
is active. TG is forced to a high level to disable the external coax driver. Data 
input to the receiver is internally wrapped from the transmitter data output. 
This input has an internal pull-up resistor. 


21 


Master Reset 


MR 


Input: This input should be pulsed low after power-on. This signal resets DA to 
aiow tevet and sets T<3 and TBMT toa+righ levet. TfiisinputHTasarrintemat 
pull-up. 


1 


Supply Voltage 


Voc 


-h5 volt supply 


22 


Supply Voltage 


y^ 


-h12 volt supply 


19 


Supply Voltage 


V. 


-12 volt supply 


2, 20, 40 


Ground 


GND 


GROUND 



Device Related Signals 



PIN NO, 


NAME 


SYMBOL 


FUNCTION 


27 


Baud Rate 
Clock 


BCLK 


This input is a clock whose frequency is 8 times the desired transmitter and 
receiver baud rate (typically 18,8696 MHz for 3274/3276 operation). This input 
is not TTL compatible. 


33 


Transmit Data 


TD 


Output: Serial data from the transmitter. This signal is a biphase Manchester II 
encoded bit stream. This output is high when no data is being transmitted. 


31 


Transmit Clock 


TC 


The Transmit Clock output is V2 the frequency of BCLK. It is synchronized with 
TD and used to provide external pre-distortion timing. 


30 


Receive Data 


RD 


Input: Accepts the serial biphase Manchester II encoded bit stream. 


32 


Transmit Gate 


TG 


Output: This signal is low during the time that the transmit data is valid. TG is 
used to turn on the external transmit circuitry. 


28 


Receive 
Single Shot 
Enable 


RSSE 


Input: A high level on this pin enables an internal digital single shot on RD, This 
limits a high level on RD to 3 clock times. Also when high it will cause the 
receiver not to detect a valid Code Violation. A low level disables the single shot 
causing no reshaping of the RD input signal. 



COM 9004 OPERATION 



The COM 9004 consists of a receiver section that converts 
Manchester II phase encoded serial data to parallel data 
and a transmitter section that converts parallel data to 
Manchester II phase encoded serial data. 

Receiver 

Message transfers must conform to the IBM 3270 protocol 
in order for the COM 9004 to acknowledge them. 

The received message is checked for the Code Violation 
sequence (start sequence) bit pattern, preceding the first 
data word, and Mini Code Violation (end sequence) 
follow^ing the last data word. 

The data word consists of 10 data bits, a sync bit and a parity 
bit. Receiving data in multiple byte format is functional only 
when odd parity is selected. 

The data word along with the first bit of the next word or 
ending zero (bit 13) is shifted into a shift register. Once it is 
assembled it is transferred and held in the holding register 
until another data word is assembled. The 13th bit is inverted 
and presented to the bus or RTA (receiver turn-around). 
Therefore RTA is set high on the last word of a message 
and is reset when the transmitter is loaded with the response 
or on the rising edge of SCLK if RDA is held low. 

Once the data word is in the holding register and parity is 
correct the data available (DA) status signal is set high. 

The Code Violation Detect signal (CVD) goes active high 



after a line Quiesce, Code Violation and sync bit have been 
detected by the receiver. It is reset when the transmitter of 
the COM 9004 is asserted. By examining this signal, the 
processor can determine whether a timeout or Transmit 
Check condition caused a receiver error. 

The receive input is sampled at 8 times the ddta rate. The 
receiver logic is brought into bit synchronization during the 
Line Quiesce pattern. Once the Code Violation following 
the Line Quiesce is detected, the receiver is brought into bit 
and word synchronization. The internal receiver clock is 
adjusted after each transition to compensate for jitter and 
distortion in the received data signal. 

Transmitter 

The transmitter section basically consists of a 12-bit holding 
register, parallel to serial shift register and a parity gene rator. 
The firmware initiates a transmit sequence by strobing TDS 
low. The data is loaded into the holding register on the rising 
edge of SCLK while TDS is low. Nine bits of data (D0-D7 
and T10) are transferred without change to the transmit shift 
register. The logic level of T9S determines whether T9 will be 
transmitted as parity on the preceding eight bits, or as data. 

After the processor loads the transmit holding register with 
data, status signal TBMT is driven inactive low until the COM 
9004 transfers the data from the transmit holding register 
to the transmit shift register. After the transfer, TBMT is driven 
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high. The processor should not try to load data into the COM 
9004 while TBMT is low. When initiating a data transmission, 
the COM 9004 automatically transmits a Line Quiesce 
pattern and a Code Violation. The data is then shifted out 
of the shift register with a sync bit (1) inserted before the 
data word, and a parity bit appended after the data word. 

If a new word is loaded into the COM 9004 before the parity 
bit of the previous word has been transmitted, a sync bit (1 ) 
followed by the new data bits is transmitted. If not, after the 
COM 9004 transmits the last data word (no more transmit 
sequences are started), a sync bit (0) and a Mini Code 
Violation is appended to the end of the message. 

Output TG goes active low one-half bit cell time before the 
first Line Quiesce character is output. It is made inactive 
(high) during the transmission of the Mini Code Violation. 



Diagnostic IVIodes 

NORMAL OPERATJON (ALOOP AND DLOOP HIGH) 

Internal read data signal follows the RD input as long as the 
COM 9004's transmitter is off. The receiver will be disabled 
while the transmitter is active. 



AN ALOft LOOPBACK 'ALOOP LOW *„ND DLOOP HIGH^ 

The internal read data signal follows the RD input as long 
as the COM 9004's transmitter is active. 



DIGITAL LOOPBACK ALOOP HIGH AND DLOOP LOW) 

The internal read data signal follows an internally generated 
and latched valid transmit signal (only when the transmitter 
is active.) The output TS is disabled In digital loopback mode. 

DISABLE RECEIVER (ALOOP AND DLOOP LOW) 

The internal read data signal is held low and output TG 
is disabled. 



MESSAGE FORMATS 



Single Byte Transmission 



COAX 
IDLE 


LINE 
QUIESCE 


CODE 
VIOLATION 


SYNC 
BIT 


DATA 
(10 BITS) 


PARITY 
BIT 


ENDING 
SEQUENCE 


COAX 
IDLE 



Multiple Byte Transmission 



COAX 
IDLE 


LINE 
QUIESCE 


CODE 
VIOLATION 


SYNC 
BIT 


DATA1 
(10 BITS) 


PARITY 
BIT 


SYNC 
BIT 


DATA 2 
(10 BITS) 



PARITY 
BIT 




SYNC 
BIT 


DATAN 
(10 BITS) 


PARITY 
BIT 


ENDING 
SEQUENCE 


COAX 
IDLE 



Bits on the coax appear as positive and negative going 
pulses. A positive pulse to negative pulse transition in the 
middle of the bit cell is interpreted as a logical '0'. A negative 
pulse to positive pulse transition in the middle of a bit cell is 



interpreted as a logical '1 '. A predistortion pulse is generated 
for every pulse transition from an up to down level or a down 
to up level. 



Line Quiesce Pattern 



1 1 1 1 1 1 


1 


1 1 

1 1 
1 1 
1 1 
1 1 


II 1 1 1 1 
II 1 1 1 1 

II 1 1 1 1 



1 
1 

i 

1 


1 one bit 1 1 

time 

The Line Quiesce pattern consists of five contiguous logical 
ones. It establishes an equilibrium condition on the coax 
following line turnaround. 
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Code Violation Pattern 



lasf'l" 
of line- 
quiesce 



code 



violation 



sync bit 



The Code Violation pattern Is a bit sequence containing 
no mid-bit time level transition in two of its three bit 
cells. It is a unique pattern that violates the encoding 
rules and indicates the start of valid data. 




IVIini Code Violation Pattern 



bit times: 11 


12 


1 2 


3 




P 

"1" 


1 mcv 


mcv j 


1 1 






or 
"0" 


1 1 
1 1 
1 1 






last data 
byte 




Ending Sequence 




The Mini Code Violation (MCV) pattern is a bit 
sequence containing no mid-bit time level transition 
in either of its bit cells. It is a unique code that violates 
the encoding rules and indicates the end of valid 
transmit data. 







Transmit Check 

A Transmit Check is defined as follows: 

1 ) A logical zero sync bit in the ending sequence not 
followed by a Mini Code Violation. 

2) Loss of a level transition at the mid-bit time during 
other than a normal ending sequence. 

3) A transmission parity error. 
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MAXrMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55° to + 150°C 

Lead Temperature (soldering, 10 sec.) + 300°C 

Positive Voltage on any I/O Pin, with respect to ground + 18.0V 

Negative Voltage on any I/O Pin, with respect to ground - o.3V 

Power Dissipation 0.75W 

•Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE : When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. For example, the bench 
power supply programmed to deliver + 12 volts may have large voltage transients when the AC power is switched on and off. If this 
possibility exists it is suggested that a clamp circuit be used. 

DC ELECTRICAL CHARACTERISTICS (T;, = 0°C to 70°C, Voc = +5V ±5%, V^d = + 12V ±5%, V^b = - 12V ±5%) 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


DC CHARACTERISTICS 

INPUT VOLTAGE 
V,L Low 
V,H High 
V,H High 


-0.3 
2.0 
4.3 




.8 
Vcc 

Vcc + ,3 


V 
V 
V 


(Except BCLK) 
(BCLKonly) 


OUTPUT VOLTAGE 
Vol Low 
VoHHigh 


2,4 




,4 




loL = 2,0 mA 
loH = - -25 mA 


POWER SUPPLY CURRENT 

Ice 
•dd 
Ibb 




70 
16 

5 




mA 
mA 
mA 


Ail outputs = VoH 


INPUT LEAKAGE CURRENT 
All input pins 






,01 


mA 


V,. = OtoVcc 


CAPACITANCE 

c,. 
c,. 






10 
35 


pf 
pf 


(Except BCLK) 
(BCLKonly) 



AC ELECTRICAL CHARACTERISTICS (T« = 0°C to 70°C, Vcc = + 5V ± 5%, V^ = + 1 2V ± 5%, V^b = - 1 2V ± 5%) 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


CONDITIONS 


Clock Frequency 












BcLK 


7 


18.8696 


18.9 


MHz 




^CLK 


DC 


4.7474 


5 


MHz 




Clock Width 












tsKH SCLKHigh 


80 






ns 




tsKL SCLKLow 


80 






ns 




tsKH BCLK High 


20 






ns 




tsKH BCLK Low 


20 






ns 




t, BCLK rise time 






6 


ns 




U BCLK fall time 






6 


ns 




tpnn RDE to Data Valid Delay 






50 


ns 




tsDD SWE to Data Valid Delay 






50 


ns 




toF Data Read to Bus Float 






50 


ns 




tos Data Setup Time 


100 






ns 




toH Data Hold Time 









ns 




toAv DA to receive data 


-100 




100 


ns 




valid delay 












trc TC clock period 




106 




ns 




tiGLD TC to TG low delay 


-53 




30 


ns 




tfsHD TC to TG high delay 






30 


ns 




tyos Transmit data to TG 


10 






ns 




setup time 












tTDH Transmit data to TC 


20 






ns 




hold time 












to TBMT active to de-active 




200 




ns 




toDc TBMT cycle 






3.2 


^l.s 




toD TBMT de-activated 


1 




2 


(JLS 




tnsR TDS set up 


100 




200 


ns 




tnsH TDS hold 







100 


ns 




twR MR pulse width 


300 






ns 
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TIMING DIAGRAMS 



MISC. TIMING 



BUS INPUT TIMING 



BCLK 









MR 



~x 



RECEIVE DATA TIMING 



DA 



/ 



D0-D7, 
R9, RIO- 



I toAV i 



VALID DATA 



'DA may occur from 100 ns before to 100 ns after data is valid. 

TRANSMITTER TIMING 



SCLK 



Nnrv 



TDS/RDA 



DATA 




I Idh 



< VALID DATA > -r 



TBMT 



/ 



-to-^ 



BUS OUTPUT TIMING 




s£ 




TD XXYXX VALID DATA xXX VALID DATA XXX 

l< 1 BIT CELL >\ 



RDE 



SWE 



DATA, 

STATUS 

VALID 



J 



If 



\ 



J 



r 



<L 



TBMT CYCLE 



TBMT 
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CD 
K3 
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gen- - 
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lifll 

<oa-:;si. 

3_3 (1) O 

"T a' O » o 
3 <tl Bi S:C 

« OT « " 



D) 



CRYSTAL 
18.86 96 MHz 



470 



Ix^OA ' ' U^^ 




OSC 



ri> 



I 5V 



220 



ALS04 



S74 
Q 



SCLK 



BCLK 



TG 



TD 



COM 9004 



TC 



^V- 



i„AM26LS3il 



ALS04 



H> 



D Q 
74S74 



D 
74S74 

i> Q 



> R 33 1510 J 



ATD 



ALS04 




COAX 

9oa 

RG62A/U 



100K-150K 



NOTE: 1. T1 -1:1:1 PULSE TRANSFORMER P/N 5762 OR TECHNITROL PART NO. 11LHA OR EQUIV 
2. ALL RESISTOR IN OHMS 



TYPICAL COAX INTERFACE 



STANDARD MICROSYSTEMS 



COM 9026 



Local Area Network Controller 
LANC 



>TM 



FEATURES 

n 2.5 M bit data rate 

n ARCNET local area network controller 

D Modified token passing protocol 

n Self-reconfiguring as nodes are added or 
deleted from network 

n Handles variable length data packets 

n 16 bit CRC check and generation 

n System efficiency increases with network 
loading 

n Standard microprocessor interface 

D Supports up to 255 nodes per network 
segment 

n Ability to interrupt processor at conclusion of 
commands 

D Interfaces to an external 1 K or 2K RAM buffer 

D Arbitrates buffer accesses between processor 
and COM 9026 

D Replaces over 100 MSI/SSI parts 
D Ability to transmit broadcast messages 
n Compatible with broadband or baseband 
systems 

□ Compatible with any interconnect media 
(twisted pair, coax, etc.) 



PIN CONFIGURATION 



ET2 [ 


1 40 


] POR 


CA [ 


2 39 


D Vcc 


ET1 [ 


3 38 


3 RX 


TEST2 C 


4 37 


3 TX 


TEST1 [ 


5 36 


3 DSYNC 


DWR [ 


6 35 


3 AS 


RMf [ 


7 34 


3 IDDAT 


lOREQ [ 
MREO C 


8 33 


3 iDLD 
3 A9 






0£. 


AS C 


10 




31 


3 A10 


REQ C 
WAIT C 


11 




30 


3 ECHO 
3 INTR 




AIE t 


13 28 


] ADO 


ADIE C 


14 27 


3 AD1 


L C 


15 26 


] AD2 


OE E 


16 25 


] ADS 


WE C 


17 24 


3 AD4 


iLE C 18 23 


3 ADS 


CLK C 19 22 


3 AD6 


GND C 


20 21 


] AD7 









□ Arbitrary network configurations can be used 

(star, tree, etc.) 
n Single + 5 volt supply 



GENERAL DESCRIPTION 



The COM 9026 is a special purpose communications adapter 
for interconnecting processors and intelligent peripherals 
using the ARCNET local area network. The ARCNET local 
area network is a self-polling "modified token passing" net- 
work operating at a 2.5 M bit data rate. A "modified token 
passing" scheme is one in which all token passes are 
acknowledged by the node accepting the token. The token 
passing network scheme avoids the fluctuating channel 
access times caused by data collisions in so-called CSMA/' 
CD schemes such as Ethernet. 

The COM 9026 circuit contains a microprogrammed se- 
quencer and all the logic necessary to control the token 
passing mechanism on the network and send and receive 
data packets at the appropriate time. A maximum of 255 
nodes may be connected to the network with each node 
being assigned a unique ID. 



The COM 9026 establishes the network configuration, and 
automatically re-configures the network as new nodes are 
added or deleted from the network. The COM 9026 per- 
forms address decode, CRC checking and generation, and 
packet acknowledgement, as well as other network man- 
agement functions. The COM 9026 interfaces directly to the 
host processor through a standard multiplexed address/ 
data bus. 

An external RAM buffer of up to 2K locations is used to hold 
up to four data packets with a maximum length of 508 bytes 
per message. The RAM buffer is accessed both by the pro- 
cessor and the COM 9026. The processor can write com- 
mands to the COM 9026 and also read COM 9026 status. 
The COM 9026 will provide all signals necessary to allow 
smooth arbitration of all RAM buffer operations. 
•ARCNET is a registered trademark of the Datapoint Corporation. 
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ROM 
544x8 
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ECHO- 

TEST1- 

TEST2- 



lOREQ — 

MREQ 
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DWR — 
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REG- 
WAIT- 



AiL 



<7 



TEST 
MODE 
LOGIC 



c 






C 



^ 






CRC 

TRANSMIT 

RECEIVE 

LOGIC 



IE 



IE 



-IDLD 
- IDDAT 



o 

i::^ 



COMMAND DECODE 
ilSTER 
LOGIC 



STATUS REGISTER 



TTTTTT 

ADIE AIE ILE L WE OE 

COM 9026 BLOCK DIAGRAM 



BUFFERS 

7^ 



<v7 V 

A10-A8 AD7-AD0 



INT 
PA15-8 



R'W 
WR 



— J DECODE 



N r 



^ 



\C 



■j=0-kj 



^ 



V 



li 



7^ 



^ 



INTR 
lOREQ 

MREQ 

R.W 

DWR 



AIE 
AS 



POR 
ADIE 



TEST! 

TEST2 

ECHO 

ET1 

ET2 

IDDAT 

IDLD 



OE WE REG CA DSYNC CLK 



iz <>o 



A7-0 
2Kx8 



A10-8 DIO7-0_ 
RAM BUFFER ° 



:^ 



ID 




CLK 


S 
W 

C 


^ 


CD 
OUT 


E 




WQSTtB 


S 







FIGURE 2— TYPICAL COM 9026 INTERFACE 
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DESCRIPTION OF PIN FUNCTIONS (refer to figure 2) 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


31,32,35 


ADDRESS 10, 
9,8 


A10,A9,A8 


These three output signals are the three most significant bits of the RAM buffer 
address. These signals are in their high impedance state except during COM 
9026 access cycles to the RAM buffer. A1 and A9 will take on the value nn as 
specified in the ENABLE RECEIVE or ENABLE TRANSMIT commands to or 
from page nn and should be viewed as page select bits, For packets less than 
256 bytes a 1 K buffer can be used with A8 unconnected. For packets greater 
than 256 bytes, a 2K buffer is needed with A8 connected. 


21 , 22, 23, 

24, 25, 26, 

27,28 


ADDRESS/ 
DATA 7-0 


AD7-AD0 


These 8 bidirectional signals are the lower 8 bits of the RAM buffer address and 
the 8 bit data path in and out of the COM 9026. ADO is also used for I/O command 
decoding of the processor control or status commands to the COM 9026. 


8 


I/O REQUEST 


lOREQ 


This input signal indicates that theprocessor is requesting the use of the data bus 
to receive status information or to Issue a command to the COM 9026. This signal 
is sampled internally on the falling edge of AS. 


9 


MEMORY 
REQUEST 


MREQ 


This input signal indicates that the processor is requesting the use of the data bus 
to transfer data to or from the RAM buffer. This signal is sampled internally on the 
falling edge of AS. 


7 


READ/WRITE 


R/W 


A high level on this input sianal indicates that the processor's access cycle to the 
COM 9026 or the RAM buffer will be a read cycle. A low level indicates that a 
write cycle will be performed to either the RAM buffer or the COM 9026. The write 
cycle will not be compjeted, however, until the DWR input is asserted. This signal 
is an internal transparent latch gated with AS. 


10 


ADDRESS 
STROBE 


AS 


This input signal is used by the COM 9026 to sample the state of the lOREQ, 
MREQ and R/W inputs. The COM 9026 bus arbitration is initiated on the falling 
edge of this signal. 


11 


REQUEST 


REQ 


This output sianal acknowledoes the fact that the processor's I/O or memory 
cycle has been sampled. The signal is equal to MREQ or lOREQ passed through 
an internal transparent latch gated with AS. 


12 


WAIT 


WAIT I This output signal is asserted by the COM 9026 at the start of a processor access 
cycle to indicate that it is not ready to transfer data. WAIT returns to its inactive 
1 state when the COM 9026 is ready for the processor to complete its cycle. 


6 


DELAYED 
WRITE 


DWR [ This input signal informs the COM 9026 that valid data is present on the proces- 
j sor's data bus for write cycles. The COM 9026 will remain in the WAIT state until 
1 this signal is asserted. DWR has no effect on read cycles. If the processor is able 
, to satisfy the write data setup time, it is recommended that this signal be 
grounded. 


29 


INTERRUPT 
REQUEST 


INTR 1 This output signal is asserted when an enabled interrupt condition has occured. 
INTR returns to its inactive state by resetting the interrupting status condition or 
the corresponding interrupt mask bit. 


18 


INTERFACE 

LATCH 

ENABLE 


ILE 


This output signal, in conjunction with ADIE, gates the processor's address/data 
bus (PAD7-PAD0) onto the interface address/data bus (IAD7-IAD0) during the 
data valid portion of a Processor Write RAM or Processor Write COM 9026 
operation. 


14 


ADDRESS/ 
DATA INPUT 
ENABLE 


ADIE 


This output sigoaLenables the processor's address/data bus (PAD7-PAD0) cap- 
tured by AS or ILE onto the interface address/data bus (IAD7-IAD0). 


13 


ADDRESS 

INPUT 

ENABLE 


AIE 


This output signal enables the processor's upper 3 address bits (PA1 0-PA8) onto 
the interface address bus (IA10-IA8). 


15 


LATCH 


L 


This output signal latches the interface address/data bus (IAD7-IAD0) into a latch 
which feeds the lower 8 address bits of the RAM buffer during address valid time 
of all RAM buffer access cycles. 


17 


WRITE 
ENABLE 


WE 


This output signal is used as a wnte pulse to the external RAM buffer. Data is ref- 
erenced to the trailing edge of WE. 


16 


OUTPUT 
ENABLE 


OE This output signal enables the RAM buffer output data onto the interface 

address/data bus (IAD7-IAD0) during the data valid portion of all RAM buffer 
read operations. 


33 


ID LOAD 


IDLD i This output signal synchronously loads the value selected by the ID switches into 
an external shift register in preparation for shifting the ID into the COM 9026. The 
shift register is clocked with the same signal that feeds the COM 9026 on pin 19 
(CLK). The timing associated with this signal and IDDAT (pin 34) is illustrated in 
' figure 19. 


34 ID DATA IN 


IDDAT This input signal is the serialized output from the external ID shift register. The ID 
is shifted in most significant bit first. A high level is defined as a logic "1 ". 


1,3 J EXTENDED 
TIMEOUT 
: FUNCTION 2, 
1 


ET2, ET1 The levels on these two input pins specify the timeout durations used by the COM 
9026 in its network protocol. Refer to the section entitled "Extended Timeout 
Function" for details. 


37 TRANSMIT TX This output signal contains the serial transmit data to the CABLE 
DATA TRANSCEIVER. 


38 RECEIVE RX This input signal contains the serial receive data from the CABLE 
iDATA , TRANSCEIVER. 
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DESCRIPTION OF PIN FUNCTIONS (Continued) 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


4,5 


TEST PIN 2 
TEST PIN 1 


TEST2 
TEST1 


These input pins are grounded for normal chip operation. These pins are used in 
conjunction with ET2 and ET1 to enable various internal diagnostic functions 
when performing chip level testing. 


30 


ECHO 

uiAuNOs 1 iu 
ENABLE 


ECHO 


When this input signal is low, the COM 9026 will re-transmit all messages of 
length less man 2s4 oytes. i his input snouia oe tiea man tor nonnai cnrp opera- 
tion and is only utilized when performing chip level testing. 


19 


CLOCK 


CLK 


A continuous 5 MHz clock input used for timing of the COM 9026 bus cycles, bus 
arbitration, serial ID input, and the internal timers. 


2 


CA 


CA 


This input signal is a 5 MHz clock used to control the operation of the COM 9026 
microcoded sequencer. This input is periodically halted in the high state by the 
DSYNC output. 


36 


DELAYED 
SYNC 


DSYNC 


This output signal is asserted by the COM 9026 to cause the external clock gen- 
erator logic to halt the CA clock. Refer to figure 9. 


40 


POWER ON 
RESET 


POR 


This input signal clears the COM 9026 microcoded sequencer program counter 
to zero and initializes various internal control flags and status bits. The POR sta- 
tus bit is also set which causes the INTR output to be asserted. Repeated asser- 
tion of this signal will degrade the performance of the network. 


39 


+ 5 VOLT 
SUPPLY 


Vcc 


Power Supply 


20 


GROUND 


GND 


Ground 



PROTOCOL DESCRIPTION 



LINE PROTOCOL DESCRIPTION 

The line protocxsl can be described as isochronous because 
each byte is preceded by a start Interval and ended with a 
stop interval. Unlike asynchronous protocols, there is a con- 
stant amount of time separating each data byte. Each byte 
will take up exactly 1 1 clock intervals with a single clock inter- 
val being 4CX) nanoseconds in duration. As a result, 1 byte is 
transmitted every 4.4 microseconds and the time to transmit 
a message can be exactly determined. The line idles in a 
spacing (logic 0) condition. A logic '0' is defined as no line activity 
and a logic 1 is defined as a pulse of 200 nanoseconds dura- 
tion. A transmission starts with an ALERT BURST consisting 
of 6 unit intervals of mark (logic 1). Eight bit data characters 
are then sent with each character preceded by 2 unit intervals 
of mark and one unit interval of space. Five types of transmis- 
sion can be sent as described below : 

Invitations To Transmit 

An ALERT BURST followed by three characters; an EOT 
(end of transmission — ASCII code 04 HEX) and two 
(repeated) DID (Destination IDentification) characters. This 
message is used to pass the token from one node to another. 

Free Buffer Enquiries 

An ALERT BURST followed by three characters; an ENQ 
(ENQuiry^ASCii code 05 HEX) and two (repeated) DID 
(Destination IDentification) characters. This message is used 
to ask another node if it is able to accept a packet of data. 

Data Packets 

An ALERT BURST followed by the following characters: 
— an SOH (start of header-ASCII code 01 HEX) 
—a SID (Source IDentification) character 
—two (repeated) DID (destination IDentification) 

characters. 
— a single COUNT character which is the 2's comple- 
ment of the number of data bytes to follow if a 'ishort 
packet" is being sent or 00 HEX followed by a COUNT 
character which is the 2's complement of the number 



of data bytes to follow if a "long packet" is being sent. 
—N data bytes where COUNT = 256-N(512-Nfora"long 

packet") 
— two CRC (Cyclic Redundancy Check) characters. The 

CRC polynomial used is X^^ + X^^ + X^ + 1. 

Acknowledgements 

An ALERT BURST followed by one character; an ACK 
(ACKnowledgement — ASCII code 06 HEX) character. This 
message is used to acknowledge reception of a packet 
or as an affirmative response to FREE BUFFER 
ENQUIRIES. 

Negative Acknowledgements 

An ALERT BURST followed by one character; a NAK (Neg- 
ative AcKnowledgement — ASCII code 15 HEX). This mes- 
sage is used as a negative response to FREE BUFFER 
ENQUIRIES. 

NETWORK PROTOCOL DESCRIPTION 

Communication on the network is based on a "modified token 
passing" protocol. A "modified token passing" scheme is 
one in which all token passes are acknowledged by the node 
receiving the token. Establishment of the network config- 
uration and management of the network protocol are han- 

HloH ontirolv/ hv/ tho POK^ QO?R'c intarnol mirrrti^nMort 

sequencer. A processor or intelligent peripheral transmits 
data by simply loading a data packet and its destination ID 
into the RAM buffer, and issuing a command to enable the 
transmitter. When the COM 9026 next receives the token, 
it verifies that the receiving node is ready by first transmit- 
ting a FREE BUFFER ENQUIRY message. If the receiving 
node transmits an ACKnowledge message, the data packet 
is transmitted followed by a 16 bit CRC. If the receiving node 
cannot accept the packet (typically its receiver is inhibited), 
it transmits a Negative Acknowledge message and the 
transmitter passes the token. Once it has been established 
that the receiving node can accept the packet and trans- 
mission is complete, the receiving node will verify the packet. 
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If the packet is received successfully, the receiving node 
transmits an acknowledge message (or nothing if it is 
received unsuccessfully) allowing the transmitterto set the 
appropriate status bits to indicating successful or unsu- 
cessful delivery of the packet. An interrupt mask permits 
the COM 9026 to generate an interrupt to the processor when 
selected status bits become true. Figure 3 is a flow chart 
illustrating the internal operation of the COIVI 9026. 

NETWORK RECONFIGURATION 

A significant advantage of the COM 9026 is its ability to adapt 
to changes on the network. Whenever a new node is acti- 
vated or deactivated a NETWORK RECONFIGURATION 
is performed. When a new COM 9026 is turned on (creating 
a new active node on the network), or if the COM 9026 has 
not received an INVITATION TO TRANSMIT for 840 milli- 
seconds, it causes a NETWORK RECONFIGURATION by 
sending a RECONFIGURE BURST consisting of eight marks 
and one space repeated 765 times. The purpose of this burst 
is to terminate all activity on the network. Since this burst Is 
longer than any other type of transmission, the burst will 
interfere with the next INVITATION TO TRANSMIT destroy 
the token and keep any other node from assuming control 
of the line. It also provides line activity which allows the COM 
9026 sending the INVITATION TO TRANSMIT to release 
control of the line. 

When any COM 9026 sees an idle line for greater than 78.2 
microseconds, which will only occur when the token is lost, 
each COM 9026 starts an internal time out equal to 146 
microseconds times the quantity 255 minus Its own ID. It 
also sets the internally stored NID (next ID representing the 
next possible ID node) equal to its own ID. If the timeout 
expires with no line activity, the COM 9026 starts sending 
INVITATIONS TO TRANSMIT with the DID equal to the 
currently stored NID. Within a given network, only one COM 
9026 will timeout (the one with the highest ID number). After 
sending the INVITATION TO TRANSMIT the COM 9026 
waits for activity on the line. If there is no activity for 74.7 



microseconds, the COM 9026 increments the NID value and 
transmits another INVITATION TO TRANSMIT using the new 
NID equal to the DID. If activity appears before the 74.7 
microsecond timeout expires, the COM 9026 releases con- 
trol of the line. During NETWORK RECONFIGURATION 
INVITATIONS TO TRANSMIT will be sent to all 256 possi- 
ble ID'S. Each COM 9026 on the network will finally have 
saved a NID value equal to the ID of the COM 9026 that 
assumed control from it. From then until the next NET- 
WORK RECONFIGURATION, control is passed directly 
from one node to the next with no wasted INVITATIONS TO 
TRANSMIT sent to ID'S not on the network. When a node 
is powered off, the previous node will attempt to pass it the 
token by issuing an INVITATION TO TRANSMIT Since this 
node will not respond, the previous node will time out and 
transmit another INVITATION TO TRANSMIT to an incre- 
mented ID and eventually a response will be received. 

The time required to do a NETWORK RECONFIGURA- 
TION depends on the number of nodes in the network, the 
propogation delay between nodes and the highest ID 
number on network but will be In the range of 24 to 61 
milliseconds. 



BROADCAST MESSAGES 

Broadcasting gives a particular node the ability to transmit 
a data packet to all nodes on the network simultaneously 
ID zero is reserved for this feature and no node on the net- 
work can be assigned ID zero. To broadcast a message, 
the transmitting node's processor simply loads the RAM 
buffer with the data packet and sets the destination ID (DID) 
equal to zero. Figure 8 Illustrates the position of each byte 
In the packet with the DID residing at address 01 HEX of 
the current page selected in the TRANSMIT command. Each 
individual node has the ability to Ignore broadcast mes- 
sages by setting the most slgnflcant bit of the ENABLE 
RECEIVE TO PAGE nn command (see ''WRITE COM 9026 
COMMANDS") to a logic zero. 



COM 9026 OPERATION 



BUFFER CONFIGURATION 

During a transmit sequence, the COM 9026 fetches data 
from the Transmit Buffer, a 256 (or 51 2) byte segment of the 
RAM buffer. The appropriate buffer size is specified in the 
DEFINE CONFIGURATION command. When long pack- 
ets are enabled, the COM 9026 will Interpret the packet as 
a long or short packet depending on whether the contents 



of buffer location 02 is zero or non zero. During a receive 
sequence, the COM 9026 stores data In the receive buffer, 
also a 256 (or 512) byte segment of the RAM buffer. The 
processor I/O command which enables either the COM 9026 
receiver or the COM 9026 transmitter also initializes the 
respective buffer page register. The formats of the buffers 
(both 256 and 512 byte) are shown below. 



FIGURES- 
RAM BUFFER 
PACKET 
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SEND 

RECONFIGURE 

BURST 



RECONFIGURE 
TIMER HAS ' 
TIMED OUT 



HEAD ID* 

FROM 
SWITCHES 




* The ID set by the external switches Is continually sampled during COM 9026 operation 

■ ID refers to the identification number assigned to this node 

■ NID refers to the next Identification number receiving the token from this ID 
SID = source Identification 
DID = destination identification 
SOH = start of header character; preceeds all data pacl<ets 



FIGURE 3—9026 OPERATION 
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PROCESSOR INTERFACE 

Figure 2 illustrates a typical COM 9026 to processor inter- 
face. The signals on the left side of this figure represent typ- 
ical processor signals with a 1 6 bit address bus and an 8 bit 
data bus with the data bus multiplexed onto the lower 8 
address lines (PAD7-PAD0). The processor sees a net- 
work node (a node consists of a COM 9026, RAM buffer, 
cable transceiver, etc. as shown in figure 2) as 2K memory 
locations and 4 I/O locations within the COM 9026. 

The RAM buffer is used to hold data packets temporarily 
prior to transmission on the network and as ternporary stor- 
age of all received data packets directed to the particular 
node. The size of the buffer can be as large as 2K byte loca- 
tions providing four pages at a maximum of 512 bytes per 
page. For packet lengths smaller than 256 bytes, a 1 K RAM 
buffer can be used to provide four pages of storage. In this 
case address line IA8 (sourced from either the COM 9026 
or the processor) should be left unconnected. Since four 
pages of RAM buffer are provided, both transmit and receive 
operations can be double buffered with respect to the pro- 
cessor. For instance, after one data packet has been loaded 
into a particular page within the RAM buffer and a transmit 
command for that page has been issued , the processor can 
start loading another page with the next message in a multi- 
message transmission sequence. Similarly after one mes- 
sage is received and completely loaded into one page of 
the RAM buffer by the COM 9026, another receive com- 
mand can be issued to allow reception of the next packet 
while the first packet is read by the processor. In general, 
the four pages in the RAM buffer can be used for transmit 
or receive in any combination. In addition, the processor 



will also use the interface bus (IA1 0-IA8, IAD7-IAD0) when 
performing I/O access cycles (status reads from the COM 
9026 or command writes to the COM 9026). 

To accomplish this double buffering scheme, the RAM buffer 
must behave as a dual port memory To allow this RAM to 
be a standard component, arbitration and control on the 
interface bus (IA10-IA8, IAD7-IAD0) is required to permit 
both the COM 9026 and the processor access to the RAM 
buffer and, at the same time, permit all processor I/O oper- 
ations to or from the COM 9026. 

Processor ac cess cyc le request s begin on the trailing edge 
ot AS if either lOREQ or MREQts asserted. These access 
cycles run completely asynchronous with respect to the COM 
9026. Because of this, upon processor access cycle 
requests, the COM 9026 immediately puts the processor 
into a wait state by asserting the WAIT output. This gives 
the COM 9026 the ability to synchronize and control the 
processor access cycle. When the processor access cycle 
is synchronized by the COM 9026, the WAIT signal is even- 
tually removed allowing the processor to complete its cycle. 

For processor RAM buffer access cycles, AIE and ADIE 
enable the processor address captured during AS time onto 
the interface address bus (IA10-IA8, IAD7-IAD0). The sig- 
nal L will capture the 8 least significant bits of this address 
(appearing on IAD7-IAD0) before the data is multiplexed 
onto it. At the falling edge of L, a stable address is pre- 
sented to the RAM buffer. For read cycles, OE allows the 
addressed RAM buffer data to source the interface address/ 
data bus (IAD7-IAD0). In figure 2, this information is passed 
into a transparent latch gated with WAIT. At the falling edge 
of WAIT, the data accessed by the processor is captured 
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and driven out via tfie logic function RD anded witli REQ. 
For processor I/O read cycles from the COM 9026, ADIE 
and AIE are used to enable the processor address into the 
COM 9026. Data out of the COM 9026 is gated through the 
transparent latch and appears on the processor's data bus 
with the same control signals used for RAM read cycles. 

For processor wnte cycles, after the tailing edge ot L, the 
COM 9026 produces a WE (write enable) output to the RAM 
buffer, and the ILE output from the COM 9026 allows the 
processor data to source the interface address/dat a bus 
(IAD7-IAD0). At this time the COM 9026 waits for DWR 
before concluding the cycle by removing the WAIT output. 
DWR should only be used if the processor cannot deliver 
the data to be written in enough time to satisfy the write setup 
time req uireme nts of the RAM buffer. By delaying the acti- 
vation of DWR, the period of the write cycle will be extended 
until the write data is valid. Since the architecture and oper- 
ation of the COM 9026 requires periodic reading an d writ- 
ing of the RAM buffer in a timely manner, holding the DWR 
input off for a long period of time, or likewise by running the 
processor at a slow speed, can result in a data overflow 
condition. It is therefore recommended that if the proc essor 
write data setup time to the RAM buffer is met, then the DWR 
input should be grounded. 

For^processor I/O write cycles to the COM 9026, ADIE and 
AIE are used to enable the processor's address onto the 
interface data bus. ILE is used to enable the processor's 
write data into the COM 9026. Delaying the activation of 
DWR will hold up the COM 9026 cycle requiring the same 
precautions as stated for Processor RAM Write cycles. 



As stated previously, p rocesso r r equests occur at the fall- 
ing edge of AS if either lOREQ or MREQ are active. COM 
9026 requests occur when the transmitter or receiver need 
to read or write the RAM buffer in the course of executing 
the command. If the COM 9026 requests a bus cycle at the 
same time as the processor, or shortly after the processor, 

tk.^ r^rshit nnoc^^.^\^ ...:ii t^w^.., i™, j;_4.~p.. „<*„_ 4.1 

11 i\^ ^^^^iwi ww«_w WjrvylW ■»ltl IWIIWVV tl I 1) J l\.yVJIULV'rJf UlL^l^t IMC ^Ji\J~ 

cesser cycle. Figure 4 illustrates the timing relationship of 
a Processor RAM Read cycle followed by a COM 9026 RAM 
read cycle. Once the AS signal captures the processor 
address to the RAM buffer and requests a bus cycle, it takes 
4 CLK periods for the processor cycle to end. Figure 4 breaks 
up the.se 4 CLK periods into 8 half clock interval labeled 1 P 
through 8R A COM 9026 access cycle will take 5 CLK periods 
to end. Figure 4 breaks up these 5 CLK periods into 10 half 
intervals labeled 1C through 10C. 

If a processor cycle request occurs after a COM 9026 request 
has already been granted, the COM 9026 cycle will occur 
first, as shown in figure 5. Figure 5 illustrates the timing 
relationship of a COM 9026 RAM Write cycle followed by a 
Processor RAM Write cycle. Due to the asynchronous nature 
of the bus requests (AS and CLK), the transition from the 
end of the COM 9026 cycle to the beginning of the proces- 
sor cycle might have some dead time. Refering to figure 5, 
if AS falling edge occurs after the start of half CLK interval 
9C, no real contention exists and it will take between 200 
and 500 nanoseconds before the processor cycle can start. 
The start of the processor cycle is defined as the time w hen 
the COM 9026 produces a leading edge on both ADIE and 
AIE. If the processor request occurs before the end of half 
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CLK interval 5C (figure 5 illustrates this situation), then the 
processor cycle will always start at half CLK interval 1 P. The 
uncertainty is introduced when the processor request occurs 
during half CLK intervals 6C, 7C or 8C. In this case, the 
processor cycle will start between 200 and 500 nanose- 
conds later depending on the particular timing relation 
between AS and CLK. The maximum time between pro- 
cessor request and processor cycle start, which occurs when 
the processor request comes just after a COM 9026 request, 
is 1300 nanoseconds. It should be noted that all times 
specified above assume a nominal CLK period of 200 
nanoseconds. 

Figures 6 antf 7 ittustrate tfmirrg for Processor Rea^ COM 
9026 and Processor Write COM 9026 respectively These 
cycles are also shown divided into 8 half clock intervals (1 P 
through 8P) and can be inserted within figures 4 and 5 if 
these processor cycles occur. 

POWER UP AND INITIALIZATION 

The COM has the following power up requirements: 

1 — The POR input must be active for at least 100 
milliseconds. 

2 — The CLK input must run for at least 1 clock cycles before 
the P OR inp ut is removed. 

3 — While POR is asserted, the CA input ma y be ru nning or 
held high. If the CA input is running, POR may be 
released asynchro nously with respect to CA. If the CA 
input is held high, POR may be released before CA 
begins running. 



During POR the status register will 
state: 



assume the following 



BIT 7 (Rl) set to a logic "1". 
BIT 6 (ETS2) not affected 
BIT 5 (ETS1) not affected 
BIT 4 (POR) set to a logic "1". 
BIT 3 (TEST) set to a logic "0". 



BIT 2 (RECON) set to a logic "0". 
BIT 1 (TMA) set to a logic "0". 
BIT (TA) set to a logic "1 ". 

In addition the DSYNC output is reset inactive high and the 
interrupt mask register is reset (no maskable interrupts 
enabled). Page 00 is selected for bo th the receive and the 
transmit RAM buffer. After the POR signal is removed, the 
COM 9026 will generate an interruptfrom the nonmaskable 
Power On Reset interrupt. The C OM 90 26 will start oper- 
ation four CA clock cycles after the POR signal is removed. 
At this time, the COM 9026, after reading its ID from the 
external shift register, will execute two write cycles to the 
RAMtJuff^r. Address W MEX v?i1t be written with tne ^ata 
D1 HEX and address 01 HEX will be written with the ID 
number as previously read from the external shift register. 
The processor may then read RAM buffer address 01 to 
determine the COM 9026 ID. It should be noted that the data 
pattern D1 written into the RAM has been chosen arbitrar- 
ily. Only if the D1 pattern appears in the RAM buffer can 
proper operation be assured. 

CLOCK GENERATOR 

The COM 9026 uses two separate clock inputs namely CA 
and CLK. The CLK input is a 5 MHz free running clock and 
the CA input is a start/stop clock periodically stopped and 
started to allow the COM 9026 to synchronize to the incom- 
ing data that appears on the RX input. 

Figure 9 illustrates th e timing o f the CA clock generator and 
its relati onship to the DSYNC output and the RX input. The 
DSYNC output is used to control the stopping of th e CA cloc k. 
On the next rising edge of the CA input after DSYNC is 
asserted, CA will remain in the high state. The CA clock 
remains halted in the high state as long as the RX signal 
remains high. When the RX signal goes low, the CA clock 
is resta rted and remains running until the next falling 
edge of DSYNC. (See figure 20 for an implementation of 
this circuit.) 
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FIGURE 9— CA CLOCK GENERATOR TIMING 



EXTENDED TIMEOUT FUNCTION 

There are three timeouts associated with the COM 9026 
operation. 

Response Time 

This timeout is equal to the round trip propagation delay 
between the 2 furthest nodes on the network plus the max- 
imum turn around time (the time it takes a particular COIVI 
9026 to start sending a message in response to a received 
message) which is known to be 12 microseconds. The round 
trip propagation delay is a function of the transmission media 
and network topology For a typical system using RG62 coax 
in a baseband system, a one way cable propagation delay 
of 31 microseconds translates to a distance of about 4 miles. 
The flow chart in figure 3 uses a value of 74.7 microsec- 
onds (31 -h31 -I- 12 + margin) to determine if any node 
will respond. 

Idle Time 

This time is associated with a NETWORK RECONFIGUR- 
ATION. Refering to figure 3, during a NETWORK RE- 
CONFIGURATION one node will continually transmit INVI- 
TATIONS TO TRANSMIT until it encounters an active node. 
Every other node on the network must distinguish between 
this operation and an entirely idle line. During NETWORK 
RECONFIGU RATION , activity will appear on the line every 
78 microseconds. This 78 microsecond is equal to the 
response time of 74.7 microseconds plus the time it takes 
the COM 9026 to retransmit another message (usually 
another INVITATION TO TRANSMIT). The actual timeout 
is set to 78.2 microseconds to allow for margin. 

Reconfiguration Time 

If any node does not receive the token within this time, the 
node will initiate a NETWORK RECONFIGURATION. 

The ET2 and ET1 inputs allow the network to operate over 
longer distances than the 4 miles stated earlier. DC levels 
on these inputs control the maximum distances over which 
the COM 9026 can operate by controlling the 3 timeout val- 
ues described above. Table 1 illustrates the response time 
and reconfiguration time as a function of the ET2 and ET1 
inputs. The idle time will always be equal to the response 
time plus 3.5 microseconds. It should be noted that for proper 
network operation, all COM 9026's connected to the same 
network must have the same response time, idle time and 
reconfiguration time. 
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RECONFIGURATION 
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1 
1 




1 

1 



74.7 

283.4 

561.8 

1118.6 


840 
1680 
1680 
1680 



TABLE 1 

COM 9026 INTERNAL PROGRAMMABLE 

TIMER VALUES 

I/O COMMANDS 



I/O commands are executed by activating the lOREQ input. 
The COM 9026 will interrogate the ADO and the R/W inputs 
at the AS time to execute commands according to the fol- 
lowing table: 



lOREQ 


ADO 


R/W 


FUNCTION 


low 
low 
low 
low 


low 
low 
high 
high 


low 
high 
low 
high 


write interrupt mask 
read status register 
write COM 9026 command 
reserved for future use 



READ STATUS REGISTER 

Execution of this command places the contents of the sta- 
tus register on the data bus (AD7-AD0) during the read por- 
tion of the processor's read cycle. The COM 9026 status 
register contents are defined as follows: 
BIT 7 — Receiver inhibited (Rl) — This bit, if set high, indi- 
cates that a packet has been deposited into the RAM 
buffer page nn as specified by the last ENABLE 
RECEIVE TO PAGE nn command. The setting of 
this bit can cause an interrupt via INTR if enabled 
during a WRITE INTERRUPT MASK command. No 
messages will be received until an ENABLE 
RECEIVE TO PAGE nn command is issued. After 
any message is received, the receiver is automat- 
ically inhibited by setting this bit to a logic one. 
BIT 6— Extended Timeout Status 2 (ETS2)— This bit re- 
flects the current logic value tied to the ET2 input pin 
(pini). 
BIT 5— Extended Timeout Status 1 (ETSI)— This bit re- 
flects the current logic value tied to the ET1 input pin 
(pin 3). 
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BIT 4— Power On Reset (POR)— This bit, if set liigli, indi- 
cates tinat th e CO I\/l 9026 has received an active 
signal on the POR input (pin 40) . The setting of this 
bit will cause a nonmaskable interrupt via INTR. 

BIT 3 — Test (TEST) — This bit is intended for test and diag- 
nostic purposes. It will be a logic zero under any 
normal operating conditions. 

BIT 2— Reconfiguration (RECON)— This bit, if set high, 
indicates that the reconfiguration timer has timed 
out because the RX input was idle for 78.2 micro- 
seconds. The setting of this bit can cause an inter- 
rupt via INTR if enabled by the WRITE INTERRUPT 
MASK command. The bit is reset low during a 
GkEAR FLAGS command. 

BIT 1 — Transmit Message Acknowledged (TMA)^This bit, 
if set high, indicates that the packet transmitted as 
a result of an ENABLE TRANSMIT FROM PAGE 
nn command has been positively acknowledged. 
This bit should only be considered valid after the 
TA bit (bit 0) is set. Broadcast mesages are never 
acknowledged. 

BIT — Transmitter Available (TA)— This bit, if set high, 
indicates that the transmitter is available for trans- 
mitting. This bit is set at the conclusion of a ENA- 
BLE TRANSMIT FROM PAGE nn command or upon 
the execution of a DISABLE TRANSMITTER com- 
mand. The setting of this bit can cause an interrupt 
via INTR if enabled by the WRITE INTERRUPT 
MASK command. 



WRITE INTERRUPT MASK 

The COM 9026 is capable of generating an interrupt signal 
when certain status bits become true. A write to the MASK 
register specifies which status bits can generate the inter- 
rupt. The bit positions in the MASK register are in the same 
position as their corresponding status bits in the STATUS 
register with a logic one in a bit position enabling the cor- 
responding interrupt. The setting of the TMA, EST1 , and 
EST2 status bits will never cause an interrupt. The POR 
status bit will cause a non-maskable interrupt regardless of 
the value of the corresponding MASK register bit. The MASK 
register takes on the following bit definition: 
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The three maskable status bits are anded with their respec- 
tive mask bits, and the results, along with the POR status 
bit, are or'ed to produce the processor interrupt signal INTR. 
This signal returns to its inactive low state when the inter- 
rupting status bit is reset to a logic "0" or when the corre- 
sponding bit in the MASK register is reset to a logic "0". To 
clear an interrupt generated as a result of a Power On Reset 
or Reconfiguration occurance, the CLEAR FLAGS com- 
mand should be used. To clear an interrupt generated as a 
result of a completed transmission (TA) or a completed 
reception (Rl), the corresponding masks bits should be reset 
to a logic zero. 



WRITE COM 9026 COMMANDS 

Execution of the following commands are initiated by performing a processor I/O write with the written data defining the 
following commands: 



WRITTEN DATA 


COMMAND 


00000000 


reserved for future use 


00000001 


DISABLE TRANSMITTER— This command will cancel any pending transmit command 
(transmission has notyet started) when the COM 9026 next receives the token. This com- 
mand will set the TA (Transmitter Available) status bit when the token is received. 


00000010 


DISABLE RECEIVER— This command wilt cancel any pending receive command. If 
the COM 9026 is not yet receiving a packet, the Rl (Receiver Inhibited) bit will be set 
the next time the token is received, if packet reception is already undenway, reception 
will run to its normal conclusion. 


OOOnnOII 


ENABLE TRANSMIT FROM PAGE nn— This command prepares the COM 9026 to 
begin a transmit sequence from RAM buffer page nn the next time it receives the 
token. When this command is loaded, the TA and TMA bits are set to a logic "0". The 
TA bit is set to a logic one upon completion of the transmit sequence. The TMA bit will 
have been set by this time if the COM 9026 has received an acknowledgement from 
the destination COM 9026. This acknowledgement is strictly hardware level which is 
sent by the receiving COM 9026 before its controlling processor is even aware of 
message reception. It is also possible for this acknowledgement to get lost due to line 
errors, etc. This implies that the TMA bit is not a guarantee of proper destination 
reception. Refer to figure 3 for details of the transmit sequence and its relation to the 
TA and TMA status bits. 


bOOnnlOO 


ENABLE RECEIVE TO PAGE nn— This command allows the COM 9026 to receive 
data packets into RAM buffer page nn and sets the Rl status bit to a logic zero. If "b" 
is a logic "1", the COM 9026 will also receive broadcast transmissions. A broadcast 
transmission is a transmission to ID zero. The Rl status bit is set to a logic one upon 
successful reception of a message. 


OOOOdOl 


DEFINE CONFIGURATION— If c is a logic "1 ", the COM 9026 will handle short as 
well as long packets. If c is a logic "0", the COM 9026 will only handle short packets 
(less than 254 bytes). 


OOOrpllO 


CLEAR FLAGS— If p is a logic "1 " the POR status flag is cleared. If r is a logic "1", the 
RECON status flag is cleared. 



All other combinations of written data are not permitted and can result in incorrect chip and/or network operation. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range to 70°C 

Storage Temperature Range - 55 to 150°C 

Lead Temperature (soldering, 10 seconds) + 325=0 

Positive Voltage on any pin ^ ow 

Negative Voltage on any pin, with respect to ground - 3V 

-Stresses aoove those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
IS switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. ' 



DG ELECTRICAL CHARACTERISTICS (T 


, = 0°C to 70°C, Vcc = 5.0V ± 5%) 






PARAMETER 


MIN 


TYP 


MAX 


UNITS 


COMMENTS 


V,L input low voltage 


-0.3 




0.8 


V 




V|Hi input high voltage 1 


2.2 




Vcc 


V 


except CA and CLK 


V|H2 input high voltage 2 


Vcc-0.5 




6.5 


V 


for CA or CLK 


V0L1 output low voltage 1 






0.4 


V 


loL= 1.6ma 


VoL2 output low voltage 2 






0.5 


V 


loL = 2.0ma 


VoH output high voltage 


2.4 






V 


except Tx and DSYNC 
loH= -lOOfxA 


VoH output high voltage 


2.7 






V 


Tx and DSYNC only 
Ioh=-100|jlA 


II input leakage current 






±10 


|xA 




C,N input capacitance 






20 


Pf 




Cob data bus capacitance 






50 


Pf 




Cu all other capacitance 






30 


pf 




Ice power supply cun-ent 


180 


350 


ma 





dSynC 




I^...illl, 



dSVKiC 



TX 



20 MHZ 

SQUARE 

WAVE 



Pin compatible fiber-optic driver 
Raycom Systems 
6395 Gunparl< Drive 
Bouider, Colorado 80301 
P/N R-3101 



Circuitry inside dotted lines is contained in a hybrid 
module available from the foliowino sources: 
Centralab, Inc. 
2601 South Moorland Road 
RO, Box 2145 
Milwaukee, Wl 53201 
Part # Straight Lead Frame-71-0961-001 
Right Angle Frame-71 -0961 -002 

Micro-Technology Inc. 
W141 N5984 Kaul Avenue 
Menomonee Falls, Wl 53051 
Part # ABOIOI (specify straight or right 
angle frame) 

Zenith CRT & Components Operations 
100 Milwaukee Avenue 
Glenview, IL 60025 
Part # Straight Lead Frame-EG-A059101 A 
Right Angle Frame-EG-A059102A 



FIGURE 20: TYPICAL SYSTEM IMPLEMENTATION 
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AC ELECTRICAL CHARACTERISTICS (T^ = 0° to 70°C, Vcc = 5.0V ± 5%) 



PARAMETER 


MIN 


TYP 


MAX 


UNITS 


COMMENTS 


tpwi CLK pulse width 


65 






ns 




tpERi CLK period 


190 


200 


600 


ns 




toFFi CLK off time 


65 






ns 




tpw2 CA pulse width 


60 






ns 




tpER2 CA period 


190 






ns 




toFF2 CA off time 


60 


100 


300 


ns 




tn CLK, CA rise time 






20 


ns 




tp CLK, CA fall time 






20 


ns 




ti width of addr. strobe 


50 






ns 




ts REQ output delay 







100 


ns 




ta yVAIT assertipn delay 







200 


ns 




t, delay to rising edge 












of processor cycle 


tp 




2tp + 100 


ns 


tp = tpER, 


ts data hold into COM 9026 


80 






ns 




te setup COM 9026 data out 


60 






ns 




t^ WE delay from CLK 







100 


ns 




ts TX on delay from CA 


10 




150 


ns 




falling edge 












tg TX off delay from CA 


10 




150 


ns 




rising edge 












t,„ AS period 


7/2 tp 






ns 


Lp ~ lpER2 


t„ DSYNC delay from CA 


10 




150 


ns 




rising edge 












t,2 delay to wait off 


20 




100 


ns 




ti3 DWR setup time 


50 






ns 




t,4 ILE delay from CLK 


10 




100 


ns 




t,5 processor addr. setup from ADIE, 






50 


ns 




ti6 processor command setupjime 


125 






ns 




ti7 addr. enable setup time to L 


50 






ns 




ti8 addr. hold time from L 


50 






ns 




t,9 strobe and data hold for read 


20 






ns 




tjo AD bus HI impedance to OEs 









ns 




t2, delay of IDLD from CLK rising edge 







120 


ns 




tjj delay of IDDAT from CLK rising edge 







50 


ns 




tas off delay from CLK rising edge 







100 


ns 




U addr. to RAM data valid 






300 


ns 




tas OE setup to WAIT falling edge 


140 






ns 




tje strobe & data hold for write 


50 






ns 




t27 addr. enable setup to WAIT 


300 






ns 




t28 ADIE to OE delay 


40 






ns 




t29 COM 9026 write data hold time 


80 






ns 




tao OE to RAM data valid 







140 


ns 




ta, status setup to AS falling edge 


50 






ns 




t32 status hold from AS falling edge 


50 






ns 




tsa RX setup to CA rising edge 


80 






ns 




t34 RX hold time from CA rising edge 


30 






ns 




tas POR active time 


100 






ms 


after V^c has been stable 
for time t^s, the minimum 
POR active time is 
10 cycles of CLK. 



The above timing information is valid for a worst case 40% to 60% duty cycle on CLK. All times are measured from the 50% point of 
the signals. 



FIGURE 10— 

CLK, CA 

AC CHARACTERISTICS 
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FIGURE 11— 
PROCESSOR ACCESS 
SYNCHRONIZATION 
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FIGURE 12— TRANSMIT AND RECEIVE TIMING 
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FIGURE 13— PROCESSOR WRITE RAM AC TIMING 
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FIGURE 14— PROCESSOR READ RAM AC TIMING 
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FIGURE 15— COM 9026 READ RAM AC TIMING 
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FIGURE 16— COM 9026 WRITE RAM AC TIMING 
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FIGURE 17— PROCESSOR READ COM 9026 AC TIMING 
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FIGURE 18— PROCESSOR WRITE COM 9026 AC TIMING 
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FIGURE 19— ID INPUT AC TIMING 



QTANnAPn MirDnCVCTCKJIC P''"'^"'* '^'39''3ms utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
xJCsJiySliy.jyi'M^^'STClVIS lions; consequently complete information sufficient for construction purposes is not necessarily aiven The 
CjORPORATION JBaaa^i^BB 'nf°™a'ion fias been carefully checked and is believed to be entirely reliable. However, no responsibility is 
^^^^^^^^ assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 



BBw ««Mgge,ii» 11788 deviCBS described any license under the patent rights of SMC or others. SMC reserves the riaht tn makp channps 
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STANDARD MICROSYSTEMS 
CORPORATION^ 



COM 9032 




COM 9032 

Local Area Network Transceiver 

LANT 



FEATURES 

D Reduces chip count for COM 9026 ARCNET* 
implementations by 6-8 TIL chips 

D Performs all clock generation 

functions for the COM 9026 
D Compatible with the COM 9026 

n Provides line drive signals 
for transmission 

D Converts incoming serial receive 

data to NRZ data format 
D Generates two 4 MHz general purpose 

clocks 



PIN CONFIGURATION 



PDLS2 iji v_yi6ii:v, 

2 



PULS1 

BLNK 

CPUCLK 

CKSEL 

TTLCLK 

OSC 

GND 



I5Q INHTX 
up TX 
13] CA 



12L1 DSYhiC 
11 n RXOUT 
lOQ RXIN 
LANCLK 



GENERAL DESCRIPTION 

The COM 9032 local area network transceiver is a com- 
panion chip to the COM 9026 Local Area Network Control- 
ler (LANC) and will perform the additional functions 
necessary to allow simple interface to a transmission media 
for all ARCNET*(orequivalent) local area networks.Usinga 
20 MHz input clock, the COM 9032 will produce two, 5 MHz 
clocks for the COM 9026. The first 5 MHz clock is free run- 
ning and will directly feed the CLK input of the COM 9026 
(pin 19). The second 5 M Hz clock has start/stop capability 
which is controlled by the DSYNC output of the COM 9026 
(pin 36) and the received data input as required by the COM 
9026 (pin 2). Two additional 4 MHz free running clocks are 
also generated on the COM 9032 to allow operation of other 
logic, a microprocessor, or an LSI controller. 

During data reception, the COM 9032 will convert incom- 
ing serial receive data from the transmission media to NRZ 
form which will directly feed the RX input of the COM 9026 
(pin 38). During transmission, the COM 9032 converts 
the transmit data from the COM 9026 (TX, pin 37) into the 
waveforms necessary to drive opposite ends of the rf 
transformer used in the ARCNET* cable electronics shown 
in figure 2. 



*ARCNET is a registered trademark of the Datapoint 
Corporation. 



OSC ^ 



CKSEL ^ 



-^ BLNK 



-^ PULS1 



+ 5V 
. GND 



-►TTCLK 



-^ CPUCLK 



FIGURE 1 : 
COM 9032 BLOCK DIAGRAM 
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O 



COM 
9026 



IDLD 
ID DAT 



DSYNC 

CA 

RX 

TX 

CLK 




LS166 



DSYNC 

CA 

RXOUT 

TX 

LANCLK 



COM 
9032 



20 MHZ 

SQUARE 

WAVE 



L .,,_u_|| 



Pin compatible fiber-optic driver 
Raycom Systems 
6395 Gunpark Drive 
Boulder, Colorado 80301 
P/N R-3101 



FIGURE 2: 
TYPICAL COM 9032 INTERCONNECT 



Circuitry inside dotted lines is contained in a tiybrid 
module available from the following sources: 
Centralab, Inc. 
2601 South Moorland Road 
PO. Box 2145 
fVlilwaukee.WI 53201 
Part # Straight Lead Frame- 71-0961-001 
Right Angle Frame-71 -0961 -OC 2 

Micro-Technology Inc 
W141 N5984 Kaul Avenue 
Menomonee Falls, Wl 53051 
Part # A60101 (specify straight or right 
angle frame) 

Zenith CRT & Components Operations 
100 Milwaukee Avenue 
Glenview, IL 60025 
Part # Straight Lead Frame-EG-A059 01A 
Right Angle Frame- EG-A059102A 



DESCRIPTION OF PIN FUNCTIONS 

(Refer to figure 2) 



COM 9026 INTERFACE 



PIN NO. 



1,2 



10 



11 



12 



13 



14 



15 



NAME 



PULSE 2 
PULSE 1 



BLANK 



RECEIVE IN 



RECEtVe 
OUT 



DELAYED 
SYNC 



CA 



TRANSMIT 
DATA 



TRANSMIT 
INHIBIT 



SYMBOL 



PULS2 
PULS1 



BLNK 



RXIN 



RXOUT 



DSYNC 



CA 



TX 



INHTX 



FUNCTION 



PULS2 and PULS1 are two noDQverlappiDgnegative pulses which occur every 
time the TX input is pulsed. PULS2 and PULS1 are used to feed an external 
driver as shown in figure 2. 



When used with the circuitry shown in figure 2, this output should be left uncon- 
nected. The timing of this signal is shown in figure 4. 



This input is the recovered receive data from the network. For each dipulse 
appearing on the network, the comparator shown in figure 2 will produce a pos- 
itive pulse which directly feeds this input. 



TtHS output 4s theNRZ4atage nerated asafunctionoithe RXIN pulse waveform 
which directly feeds the RX input of the COM 9026 (pin 38). 



This active low input, which is asserted by the COM 9026, will halt the CA clock 
output 



This output is a 5 MHz starfstop clock that is halted when DSYNC goes active 
low and restarted by a low signal on the RXOUT output. This clock is capable of 

driving 70 pf plus one LS load with 20 nanoseconds rise and fall times. 

This input, which is asserted by the COM 9026, is the serial data transmitted by 
the node. 



Thi s active low i nput inh ibits the TX signal from initiating transmit signals by forc- 
ing PULS1 and PULS2 to a high and BLNK to a low. This signal should be 
asserted during a power on reset condition. 



SYSTEM CLOCK INTERFACE 



PIN NO. 



NAME 



CPU CLOCK 



SYMBOL 



CPUCLK 



CLOCK 
SELECT 



TTL CLOCK 



16 



OSCILLATOR 



LOCAL AREA 

NETWORK 

CLOCK 



GROUND 



FUNCTION 



This output is a 4 MHz free running clock capable of driving 130 pf with 30 nano- 
second rise and fall times. It is identical to the TTLCLK input when CKSEL is 
high. When CKSEL is low, this output becomes the inversion of the signal that is 
fed into the TTLCLK input. 



CKSEL This input selects the clock interface option for the TTLCLK and CPUCLK. When 
this signal is high, both the TTLCLK and CPUCLK are identical 4 MHz free run- 
ning clock outputs which are generated from the 20 MHz input clock (OSC) via a 
divSe by 5 frequency divider. When this input is low, the TTLCLK pin becomes an 
input and the CPUCLK output will produce the inversion of the signal appeanng 
on TTLCLK input. 



TTLCLK 



OSC 



LANCLK 



GND 



-h 5 VOLT 
SUPPLY 



This pin can be either an input or an output depending on the state of the 
CKSEL input. When CKSEL is high, a free running 4 MHz clock is ouput. When 
CKSEL is low, the pin becomes an input which drives an inverter that feeds the 
CPUCLK output. 



This input requires a 20 MHz clock. 



This output will supply the free running 5 MHz clock to the COM 9026, pin 19. It is 
capable of driving 70 pf plus one LS load with 20 nanoseconds nse and fall times. 



Ground 



Power Supply 



FUNCTIONAL DESCRIPTION 



Transmit logic (refer to figures 2 and 4) 

The COM 9026, when transmitting data on TX, will pro- 
duce a negative pulse of 200 nanoseconds in duration to 
indicate a logic "1" and no pulse to indicate a logic "0". 
Refering to figure 4, a 200 nanosecond pulse on TX is con- 
verted to t wo, 100 nan osecon d nonoverlap ping pu lses 
shown as PULS1 and PULS2. The signals PULS1 and 
PULS2 are used to create a 200 nanosecond wide dipulse 
by driving opposite ends of the RF transformer shown in 
figure 2. 

Receive logic (refer to figures 2 and 5) 

As each dipulse appears on the cable, it is coupled 
through the RF transformer, passes through the matched 
filter, and feeds the 751 08B comparator. The 751 08B pro- 



duces a positive pulse for each dipulse received from the 
cable. These pulses are captured by the COM 9032 and are 
converted to NRZ data with the NRZ data bit boundaries 
being delayed by 5 OSC clock periods as shown in figure 
5 As each byte is received by the C OM 9026 , the CA clock 
is stopped by the COM 9026 (via DSYNC) until the first 
bit of the next byte is received which will automatically re- 
start the CA clock. The COM 9026 uses the CA clock to 
sample the NRZ data and these sample points are shown in 
figure 5. 

Typically, RXIN pulses occur at multiples of the transmis- 
sion rate of 2.5 MHz (400 nanoseconds). The COM 9032 
can tolerate distortion of plus or minus 100 nanoseconds 
and still correctly capture and convert the RXIN pulses to 
NRZ format. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec.) 

Positive Voltage on any Pin 

Negative Voltage on any Pin 

*Stresses above those listed may cause 

rlo«.i/^« nt tt1»/^« — . »* _l,l ■:.. . 

. ,^^ W.I II IV.OV, wi t»i oi ly uii roi UUI lUlllUI 

DC ELECTRICAL CHARACTERISTICS 



. . . 0°C to 70°C 
-55°to150°C 



325°C 



. + 8V 
-0.3V 



permanent damage to the device. This is a stress rating only and functional ooeration of the 
auuvfcj inose indicaiea in tne operational sections of this specification is not implied. 

(T;, = 0°Cto +70°C, Vcc = 5V ±5%) 



PARAMETER 



INPUT VOLTAGES 

v„ 



OUTPUT VOLTAGES 

Vol, 



LEAKAGE CURRENT 

1,1 



INPUT CAPACITANCE 

C|N 

SUPPLY CURRENT 



AC CHARACTERISTICS 
PARAMETER 

OSC Input 

k;Y, 
tcH, 

icy 

CA, LANCLK 

tcY2 

K:h2 

tcL2 

u 

TTLCLK 

tcV3 

tcH3 

ICL3 



CPUCLK (CKSEL is high) 

tcY4 

tcH4 

tcL4 

tF4 

tR4 

tpCK 

TRANSMIT TIMING 



RECEIVE TIMING 

'rs 
'rw 

'DO 

Iro 
tssn 



MIN 



2.7 



4.0 

Vcc-0.5 
Vcc-0.5 



MIN 



20 
20 



75 
75 



110 
110 



110 
110 



10 



10 
60 



TYP 



TYP 



50 



200 



250 



250 



10 



10 
10 



10 



^ lcY1 "r tn 



20 
400 



MAX 



0.8 



0.4 
0.4 
0.4 



50 
10 



30 
20 



MAX 



20 
20 



30 
30 
45 



60 
60 



40 



70 
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UNIT 



(jlA 

(jlA 



mA 



UNIT 



ns 
ns 
ns 



ns 
ns 
ns 
ns 
ns 



ns 
ns 
ns 



ns 
ns 
ns 
ns 
ns 
ns 



ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 



ns 
ns 
ns 
ns 
ns 
ns 
ns 



COMMENTS 



loH = - 0.4 mA, PULS1 , PULS2, 
RXOUT and TTLCLK outputs . 
loH = 4.0mA, PULS1,PULS2, 
RXOUT and TTLCLK outputs, 
loH= -0.1 mA, CPUCLK output. 
loL = 0.1 mA, CPUCLK output. 
loH =-0.1 mA, CA and LANCLK 
outputs. 

loL = 0.4 mA, CA and LANCLK 
outputs. 



TTLCLK input with CKSEL low. 
all other inputs. 



at 20 MHz OSC frequency 



COMMENTS 



for CKSEL low. 



tcHl *CL1 Viri 




TTLCLK 
(CKSEL = HIGH)" 



CPUCLK 0.5 
(CKSEL HIGH) 



TTLCLK 
(CKSEL LOW)" 



CPUCLK , 

(CKSEL HIGH) N 



„t 



-tcY." 






\ 



I 



r 



FIGURE 3: CLOCK TIMING 
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FIGURE 4: TRANSMIT TIMING PARAMETERS 




FIGURE 5: RECEIVE TIMING PARAMETERS 
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STANDARD MICROSYSTEMS 



35 Marcus Blvd., Hawauge. NY. 11788 
(516)273-3100 TW(-510-227-8898 

Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete mformation sufficient for construction purposes is not necessarily given The 
information tias been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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Baud Rate Generator 



Part 
Nxunber 


ilSffiw^Besfi^^y^Ed^ 




Power 
Supplies 


Package 


Page 


COM 5016 


ilip!Mi|ii^ig|i§iilliijjffi^^^^ 




+ 5. +12 


18 DIP 


217-218 


COM 5016T ' ■ 


Dual Baud Rate Generator 


Ixieill^MgtieSi^jSp^ 


+ 5. +12 


18 DIP 


217-218 


COM 5026 


'g|p^|§a|S^ffl|||iSsigiii^ 




+ 5, +12 


14 DIP 


219-224 


C0M5026T ■ 


Single Baud Rate Generator 


^Ssiiiajil^i^^i^MiE^ 


+ 5. +12 


14 DIP 


219-224 


COM 5036 


;;^jt^|g^ii|i;3^^;|^|^fes§(^^^ 




+ 5, +12 


18 DIP 


217-218 


COM 5036T ^ 






+ 5, +12 


18 DIP 


217-218 


COM 5046 


Jpi|lel3^|ppa^/iS^|KS|if^^ 




+ 5. +12 


14 DIP 


219-224 


C0M5046T-' 


jSl^ll^llllllii^ilpltg 




+ 5. +12 


14 DIP 


219-224 


COM 8046 


'§^^e^mi$^^<§^0^^i'/Mi 




+ 5 


16 DIP 


225-226 


COM 8046T ■ 


■i^^iSSpipfll^^gS^ISg 




+ 5 


16 DIP 


225-226 


COM 8 116 


'MiMfBMMfMMMS^&M^&ri'M 


Single + 5 volt version of COM 5016 


+ 5 


18 DIP 


227-228 


COM 8116T ■ 


mmMM&BmSmiMMBmMm 


Single +5 volt version of COM 5016T 


+ 5 


18 DIP 


227-228 


COM 8126 


mM^MMM^^^mw^ii&^^&& 


Single + 5 volt version of COM 5026 


+ 5 


14 DIP 


229-236 


C0M8126T 


W^B^^&^^^^^MMMMmMm 


Single + 5 volt version of COM 5026T 


+ 5 


14 DI? 


229-236 


COM 8136 


SlMM^&SM^^0^^ie£a^0m: 


Single + 5 volt version of COM 5036 


+ 5 


18 DIP 


227-228 


C0M8136T- 


^MsBMMM^^MtmWMlSM 


Single + 5 volt version of COM 5036T 


+ 5 


18 DIP 


227-228 


COM 8146 


Wi^^Ss^^BiMMiBmxmBii 


Single + 5 volt version of COM 5046 


+ 5 


14 DIP 


229-236 


COM 8146T ■ 


^WsBS^0:^MSmMm&M:-Mii 


Single + 5 volt version of COM 5046T 


+ 5 


14 DIP 


229-236 


COM 8156 


^l^^ml^0B^m^M§i 




+ 5V 


18 DIP 


237-240 


i C0M8156T 


33Ba|JS»||;S^ 


MM^&mmmk&mSMMmm::&A^ 


+ 5V 


18 DIP 


237-240 
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STANDARD MICROSYSTEMS 
CORPORATjOINL^^^^ 



COM 5016 
COM 5016T 
COM 5036 
COM 5036T 



Dual Baud Rate Generator 

Programmable Divider 



FEATURES 

D On chip crystal oscillator or external 

frequency input 
D Choice of 2 x 16 output frequencies 
D 16 asynchronous/synchronous baud rates 
D DIRECT UART/USRT/ASTRO/USYNRT 

compatibility 
D Full duplex communication capability 
n High frequency reference output* 
n TTL, MOS compatibility 



PIN CONFIGURATION 


XTAL/EXT1 1 [ 




"118 XTAL/EXT2 


^^ 


+ 5v 2r 




|17f, 


fR 3? 




016 T^ 


Ra 4? 




pi5 Tb 


Rb sr 




]14Tc 


Re 6r 




113 To 


Rd 7[ 




|12 STT 


STR sr 




|11 GND 


+ 12v 9|. 




J 10 fx/4* 



BLOCK DIAGRAM 



FREQUENCY 
DECODE 
AND 
CONTROL 



FREQUENCY 
DECODE 
AND 
CONTROL 



REPROGRAMMABLE 
FREQUENCY SELECT 



-4 



REPROGRAMMABLE 
FREQUENCY SELECT 



I - ! L 



fx4* I 
J 



A k k 

+ 5v GND +12v 



*COM 5036/T only 
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General Description 



The Standard Microsystems COM 5016/COM 5036 Dual Baud Rate Generator/Programmable Divider is an N-channel 

roDi A^/l^lQ® ^/l^vQ/l ci wo,.;^^ ...ki^i, * : — i *_i / -i.; ....... > . r, ... 

- - - — — " " "'" " -jii'a'"- "-i jroiai (^uii-v.yiii|j uooihciuji; ui iiijjui litjquenuv is cauauie ui gerrerating 

32 externally selectable frequencies. 



The COM 5016/COM 5036 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data 
communication frequencies as shown in Table 1 . One of the sixteen output frequencies is externally selected by four address 
inputs, on each of the independent dividers, as shown in Table 1 . 

Internal re-programmabie ROM allows the generation of other frequencies from other crystal frequencies or input fre- 
quencies. The four address inputs on each divider section may be strobe (150ns) or DC loaded. As the COM 5016/COM 5036 
is a dual baud rate generator, full duplex (independent receive and transmit frequencies) operation is possible. 

The COM 5016/COM 5036 is basically a programmable 15-stage feedback shift register capable of dividing any modulo 
upto(2'=-1). 

By using one of the frequency outputs it is possible to generate additional divisions of the master clock frequency by 
cascading COM 5016/COM 5036's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way 
one crystal or input frequency may be used to generate numerous output frequencies. 

The COM 5016/COM 5036 can be driven by either an external crystal or TTL logic level inputs; COM 5016T/COM 5036T 
is driven by TTL logic level inputs only 

The COM 5036 provides a high frequency reference output at one-quarter (1/4) the XTAL/EXT input frequency 



Description of Pin Functions 



Pin No. Symbol 



1 

2 

3 

4-7 



9 
10 
11 
12 



13-16 
17 
18 



XTAL/EXT1 
Vcc 

Rat Rb' Rc' R: 
STR 

Vdd 

fx/4* 
GND 
STT 

' D. 'c, Tg, Ta 

fr 

XTAL/EXT2 



Name 



Crystal or 

External Input 1 

Power Supply 

Receiver Output 

Frequency 
Receiver-Divisor 
Select Data Bits 
Strobe-Receiver 



Power Supply 
fx/4 
Ground 
Strobe- 
Transmitter 

Transmitter- 
Divider 
Select Data Bits 
Transmitter 

Output 

Frequency 

Crystal or 

External Input 2 



Function 



This input is either one pin of the crystal package or one polarity 
of the external input. 
+ 5 volt supply 

This output runs at a frequency selected by the Receiver divisor 

select data bits. 

The logic level on these inputs, as shown in Table 1, selects the 

receiver output frequency, f^. 

A high level input strobe loads the receiver data (R^, Rg, R^, Ro) into 

the receiver divisor select register. This input may be strobed or 

hard-wired to a high level. 

+ 12 volt supply 

V4 crystal/clock frequency reference output. 

Ground 

A high level input strobe loads the transmitter data (T^, Tg, Tc, Tp) 

into the transmitter divisor select register. This input may be 

strobed or hard-wired to a high level. 

The logic level on these inputs, as shown in Table 1, selects the 

transmitter output frequency, fj. 

This output runs at a frequency selected by the Transmitter divisor 
select data bits. 

This input is either the other pin of the crystal package or the 
other polarity of the external input. 



*COM 5036/T only 



For electrical characteristics, see page 221. 
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STANDARD MICROSYSTEMS 
CORPORATION^ 



COM 5026 
COM 5026T 
COM 5046 
COM 5046T 



Baud Rate Generator 

Programmable Divider 



FEATURES 

D On chip crystal oscillator or external 

frequency input 
D Choice of 16 output frequencies 
D 16 asynchronous/synchronous baud rates 
D Direct UART/USRT/ASTRO/USYNRT 

compatibility 
D High frequency reference output* 
D TTL, MOS compatibility 



PIN CONFIGURATION 





XTAL/EXT1 1C 


^-^ 


]14 Tout 


XTAL/EXT2 2L 




J13 A 


+5v 3 1 


]12 B 


NC 4l 


111 C 


GND 5l 


llO D 


NC 6[ 


J9 ST 


+ 19v 7L 




Is fy/4* 





BLOCK DIAGRAM 



ST>- 



D-LATCH 



-V 



FREQUENCY 
DECODE 
AND 
CONTROL 



XTAL7EXT1 ; 



XTAL/EXT2: 



-/ 



REPROGRAMMABLE 
FREQUENCY SELECT 



ROM 



r- 



DIVIDER 



^y4j 

■^ A A Jl 



+ 5v GND +12v 



*COM5046/Tonly 
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GENERAL DESCRIPTION 

The Standard Microsystems COM 5026/COM 5046 Baud Rate Generator/Programmable Divider is an N-channel 
GOPLAMOS® MOS/LSI device wiiich, from a single crystal (on-chip oscillator) or input frequency is capable of generating 
16 externally selectable frequencies. 

The COM 5026/COM 5046 is specifically dedicated to generating the full spectrum of 16 asynchronous/synchronous data 
communication frequencies as shown in Table 1 . One of the sixteen output frequencies is externally selected by four address 
inputs; as shown in Table 1 . 

Internal re-programmable ROM allows the generation of other frequencies from other crystal frequencies or input fre- 
quencies. The four address inputs may be strobe (150ns) or DC loaded. 

The COM 5026/COM 5046 is basically a programmable 15-stage feedback shift register capable of dividing any modulo 
upto(2is-1). 

By using the frequency output, it is possible to generate additional divisions of the master clock frequency by cascading 
COM 5026/COM 5046's. The frequency output is fed into the XTAL/EXT input on a subsequent device. In this way one crystal 
or input frequency may be used to generate numerous output frequencies. 

The COM 5026/COM 5046 can be driven by either an external crystal or TTL logic level inputs COM 5026T/COM 5046T 
is driven by TTL logic level inputs only. 

THE COM 5046 provides a high frequency reference output at one-quarter (1 /4) the XTAL/EXT input frequency 



Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 


This input is either one pin of the crystal package or one polarity 






External Input 1 


of the external input. 


2 


XTAL/EXT2 


Crystal or 


This input is either the other pin of the crystal package or the 






External Input 2 


other polarity of the external input. 


3 


Vcc 


Power Supply 


+ 5 volt Supply. 


4,6 


NC 


No Connection 




5 


GND 


Ground 


Ground 


7 


Vdd 


Power Supply 


+ 12 volt Supply. 


a 


fx'4* 


Qoforonrg 

Frequency 


Hlcjh fre'^uenc^' reference output ^ M ^4^ fiN 


9 


ST 


Strobe 


A high-level strobe loads the Input Address (Aa, Ab, Ac, Ad) 
into the Input Address register. This input may be strobed or 
hard wired to a high-level. 


10-13 


Ad, Ac, As, Aa 


Input Address 


The logic level on these inputs, as shown in Table 1 , selects 
the output frequency. 


14 


foUT 


Output 
Frequency 


This output runs at a frequency as selected by the Input Address. 



*COM 5046/T only 
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ELECTRICAL CHARACTERISTICS COM5016, COM5016T, COM5026, COM5026T, 

COM5036, COM5036T, COM5046, COM5046T 

MAXIMUM GUARANTEED RATINGS' 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°Cto +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +18.0V 

Negative Voltage on any Pin, witln respect to ground -0.3V 

•Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification Is not implied. 

ELECTRiCAL CHARACTERISTICS (Ta=0°G to 70°G, Vee= +5V*5%, Vod= + 12V*5%, unless ottwwisefKSted) 

Parameter Min. Typ. Max Unit Comments 

D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 

Low-level, ViL 0.8 V excluding XTAL inputs 

High-level, ViH 2.0 Vcc V 

OUTPUT VOLTAGE LEVELS 

Low-level,VoL 0.4 V Iol = 1.6ma 

0.5 V loL = 3.2ma 

High-level, VoH Vcc-1.5 4,0 V Ioh = lOO/xA 

INPUT CURRENT 

Low-level, liL 0.3 mA Vin = GND, excluding XTAL inputs 

INPUT CAPACITANCE 

All inputs, CiN 5 10 pf Vin = GND, excluding XTAL inputs 

EXT INPUT LOAD 8 10 Series 7400 unit loads 

POWER SUPPLY CURRENT 

Ice 28 45 mA 

Idd 12 22 mA 

A.C. CHARACTERISTICS Ta = -r25°C 

CLOCK FREQUENCY 5.0688 MHz XTAL, EXT 

PULSE WIDTH 

Clock 50% Duty Cycle ±5% 

Strobe 1 50 DC ns See Note 1 . 

INPUT SET-UP Tlt\/IE 

Address 50 ns See Note 1. 

INPUT HOLD TIME 

Address 50 ns 

STROBE TO NEW FREQUENCY DELAY 3.5 fis =1/f|N(18) 

Note 1 : Input set-up time can be decreased to & 0ns by increasing the minimum strobe width by 50ns to a total of 200ns. 

TIMING DIAGRAM 



N0TE1 

VlH 

STROBE (ST) 

ViL — 



TSET-UP ■ 



ADDRESS 




Tpw* 



Thold 




•Address need only be valid during the last Tpw, Min time of tlie input strobe. 
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Crystal Operation 
COM5016 
COM5036 



h: 



n 



5.0688 MHz 

rz^, — I 



Xy 



>J 



External Input Operation 
COM5016/COM5016T 
COM5036/COM5036T 



^ 



74XX 
TTL 



>|>>h: 



Ty- 



3-1 74XX>{>i-[>-C 



TIT- 



IB 



>• 



74XX— totem pole or open collector output (external 
pull-up resistor required) 



Crystal Operation 
COM5026 
COM5046 



ID 



X 
00 m 



"er 



External Input Operation 
COIVI5026/COM5026T 
COM5046/COM5046T 



74XX 

TTL 




Ty 



74XX: 

TTL 



>^>rl>-c 



VIT^ 



74XX — totem pole or open collector output (external 
pull-up resistor required) 



For ROM re-programming SMC has a computer program available whereby the customer 

need only supply the input frequency and the desired output frequencies. 

The ROM programming is automatically generated. 



Crystal Specifications 

User must specify termination (pin, wire, other) 

Prefer: HC-18/U or HC-25/U 

Frequency — 5.0688 MHz, AT cut 

Temperature range 0°C to 70°C 

Series resistance <50 fl 

Series Resonant 

Overall tolerance ± .01% 

or as required 



Crystal manufacturers (Partial List) 
Northern Engineering Laboratories 

357 Beloit Street 
Burlington, Wisconsin 53105 
(414) 763-3591 

Bulova Frequency Control Products 

61-20 Woodside Avenue 

Woodside, New Yorl< 11377 

(212) 335-6000 

CTS Knights Inc. 

101 East Church Street 

Sandwich, Illinois 60548 

(815) 786-8411 

Crystek Crystals Corporation 

1000 Crystal Drive 

Fort Myers, Florida 33901 

(813)936-2109 
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APPLICATIONS INFORMATION 



+ 5.0V 



Charge pump techniques 
using the + 5 volt power 
supply can be used to 
generate the +12 volt 
power supply required. 
The +12 volt power 
supply of figure 1 will 
supply the 22 milli- amps 
that is typically required. 




:i1.0/:/f 



Figure 1 

VOLTAGE CHARGE PUMP 
SUPPLY FOR +12v SUPPLY 



When powering this device from laboratory 
or system power supplies, it is important 
that the Absolute Maximum Ratings not be 
exceeded or device failure can result. Some 
power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC 
power is switched on and off. In addition, 
voltage transients on the AC power line 
may appear on the DC output. For example, 
the bench power supply programmed to 
deliver + 12 volts may have large voltage 
transients when the AC power is switched 
on and off. If this possibility exists it is 
suggested that the clamp circuit of figure 2 
or a Semtech'bi-polarity silicon transient 
suppressor such as the 1 N61 1 be used. 



From Power 
Supply 



To Chip Power 
Supply Pin 



'SEMTECH CORPORATION 
652 Mitchel Road 
Newbury Park, California 91320 
213-628-5392 



.1/if 



^3v. 



^ 



■1N914 
L Typ. 



-1K 



Figure 2 

OVER-VOLTAGE 

PROTECTION 

CIRCUIT 
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COM5016, COM5016T, COM5026, COM5026T, 
COM5036, COM5036T, COM5046, COM5046T 



iNiuu natc ucnciatui uut|il» rici|uciiuy Uflliuiis 











Table 1. 




(16X clock) 








CRYSTAL FREQUENCY = 5.0688 MHz 




Tr'mit/Receive 


Theoretical 


Actual 




Duty 




Address 


Baud 


Frequency 


Frequency 


Percent 


Cycle 


D 


C 


u 


A Rate 


1 ex Clock 


16X Clock 


Error 


% Divisor 











50 


0.8 KHz 


0.8 KHz 





50/50 6336 











1 75 


1.2 


1.2 


— 


50/50 4224 








1 


110 


1.76 


1.76 


— 


50/50 2880 








1 


1 134.5 


2.152 


2.1523 


0.016 


50/50 2355 





1 





150 


2.4 


2.4 


— 


50/50 2112 





1 





1 300 


4.8 


4.8 


— 


50/50 1056 





1 


1 


600 


9.6 


9.6 


— 


50/50 528 





1 


1 


1 1200 


19.2 


19.2 





50/50 264 










1800 


28.8 


28.8 


— 


50/50 176 










1 2000 


32.0 


32.081 


0.253 


50/50 158 







1 


2400 


38.4 


38.4 


— 


50/50 132 







1 


1 3600 


57.6 


57.6 


— 


50/50 88 




1 





4800 


76.8 


76.8 


•»- 


50/50 66 




1 





1 7200 


115.2 


115.2 


— 


50/50 44 




1 


1 


9600 


153.6 


153.6 


— 


48/52 33 




1 


1 


1 19.200 


307.2 


316.8 


3.125 


50/50 16 











Table 2. 




(16X clock) 








CRYSTAL FREQUENCY = 4.9152 MHz 




Tr'mit/Receive 


Tlieoretical 


Actual 




Duty 




Address Baud 


Frequency 


Freauencv 


Percent 


Cvcle 


D 


C 


B 


A Rate 


16X Clock 


16X Clock 


Error 


% Divisor 











50 


0.8 KHz 


0.8 KHz 





50/50 6144 











1 75 


1.2 


1.2 


— 


50/50 4096 








1 


110 


1.76 


1.7589 


-0.01 


" 2793 








1 


1 134.5 


2.152 


2.152 





50/50 2284 





1 





150 


2.4 


2.4 


— 


50/50 2048 





1 





1 300 


4.8 


4.8 


— 


50/50 1024 





1 


1 


600 


9.6 


9.6 


— 


50/50 512 





1 


1 


1 1200 


19.2 


19.2 


— 


50/50 256 










1800 


28.8 


28.7438 


-0.19 


171 










1 2000 


32.0 


31.9168 


-0.26 


50/50 154 







1 


2400 


38.4 


38.4 





50/50 128 







1 


1 3600 


57.6 


57.8258 


0.39 


85 




1 





4800 


76.8 


76.8 


— 


50/50 64 




1 





1 7200 


115.2 


114.306 


-0.77 


43 




1 


1 


9600 


153.6 


153.6 


— 


50/50 32 




1 


1 


1 19,200 


307.2 


307.2 


— 


50/50 16 













Tables. 




(32X clock) 










CRYSTAL FREQUENCY = 5.0688 MHz 






Tr'mit/Receive 




Theoretical 


Actual 




Duty 






Address 


Baud 


Frequency 


Frequency 


Percent 


Cycle 




D 


C 


B 


A 


Rate 


32X Clock 


32X Clock 


Error 


% 


Divisor 














50 


1.6 KHz 


1.6 KHz 





50/50 3168 













75 


2.4 


2.4 


— 


50/50 2112 








1 





110 


3.52 


3.52 


— 


50/50 1440 








1 




134.5 


4.304 


4.306 


.06 


. 


1177 





1 








150 


4.8 


4.8 


— 


50/50 1056 i 





1 







200 


6.4 


6.4 


— 


50/50 


792 





1 


1 





300 


9.6 


9.6 


— 


50/50 


528 





1 


1 




600 


19.2 


19.2 


— 


50/50 


264 













1200 


38.4 


38.4 


— 


50/50 


132 












1800 


57.6 


57.6 


— 


50/50 


88 







1 





2400 


76.8 


76.8 


— 


50/50 


66 







1 




3600 


115.2 


115.2 


— 


50/50 


44 




1 








4800 


153.6 


153.6 


— 




33 




1 







7200 


230.4 


230.4 


— 


50/50 


22 




1 


1 





9600 


307.2 


316.8 


3.125 


50/50 


16 




1 


1 




19,200 


614.4 


633.6 


3.125 


50/50 


8 

1 



OUTPUT FREQUENCY OPTIONS 

Part No. Dash Number 



Table 1 



501 6/501 ST 
5026/502 6T 
5036/5036T 
5046/5046T 



STD 
STD 
STD 
STD 



-5 
-5 
N/A 
N/A 



-6 

N/A 
N/A 



•When Duty Cycle Is not exactly 50%, It Is 50% ± 10%. 
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STANDARD MICROSYSTEMS 
CORPORATION. 




COM 8046 
COM 8046T 



Baud Rate Generator 

Programmable Divider 



FEATURES 

n On chip crystal oscillator or external 

frequency input 
D Single + 5v power supply 
D Choice of 32 output frequencies 
D 32 asynchronous/synchronous baud rates 
D Direct UART/USRT/ASTRO/USYNRT 

compatibility 
n Re-programmable ROM via CLASP® 

technology allows generation of other 

frequencies 
D TTL, MOS compatible 
n 1XCIockviafo/16output 
n Crystal frequency output via fx and fx/4 

outputs 
n Output disable via FENA 



PIN CONFIGURATION 



XTAL/EXT1 

XTAL/EXT2 

+ 5v 

fx 

GND 

fo/16 

FENA 

E 



TI7 



16 


fo 


15 


A 


14 


B 


13 


C 


12 


D 


11 


ST 


10 


fx/4 


9 


NC 



BLOCK DIAGRAM 



ST> 

A> 
B>- 
C> 
D> 
E> 



XTAL/EXT1 



FENA>- 



LATCH 




REPROGRAMMABLE 
FREQUENCY SELECT 



DIVIDER 
ROM 



+ 5v GND 



DIVIDER 



^;^'° 




fo/16 



fx 

fx/4 
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General Description 



The Standard Microsystems COM 8046 is an en- 
iiancea version of line GOivi 5046 Baud Rate 
Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP® teciinologies and em- 
ploys depletion mode loads, allowing operation from 
a single +5v supply. 

The standard COM 8046 is specifically dedicated to 
generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 1X, 
16X and 32X UART/USRT/ASTRO/USYNRT devices. 

The COM 8046 features an internal crystal oscillator 
which may be used to provide the master reference 
frequency. Alternatively, an external reference may be 
supplied by applying complementary TTL level sig- 
nals to pins 1 and 2. Parts suitable for use only with an 
external TTL reference are marked COM 8046T. TTL 
outputs used to drive the COM 8046 or COM 8046T 
should not be used to drive other TTL inputs, as noise 
immunity may be compromised due to excessive 
loading. 

The reference frequency (fx) is used to provide two 
high frequency outputs: one at fx and the other at 
fx/4. The fx/4 output will drive one standard 7400 
load, while the fx output will drive two 74LS loads. 

The output of the oscillator/buffer is applied to the 
divider for generation of the output frequency fo- The 
divider is capable of dividing by any integer from 6 



to 2" + 1, inclusive. If the divisor is even, the output 
wfii be square; otherwise the output will be high 
longer than it is low by one fx clock period. The output 
of the divider is also divided internally by 1 6 and made 
available at the fo/16 output pin. The fo/16 output will 
drive one and the fo output will drive two standard 
7400 TTL loads. Both -the fo and fo/16 outputs can be 
disabled by supplying a low logic level to the FENA 
input pin. Note that the FENA input has an internal 
pull-up which will cause the pin to rise to approx- 
imately Vcc if left unconnected. 

The divisor ROM contains 32 divisors, each 19 bits 
wide, and is fabricated using SMC's unique CLASP® 
technology. This process permits reduction of turn- 
around-time for ROM patterns. 

The five divisor select bits are held in an externally 
strobed data latch. The strobe input is level sensitive: 
while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is 
effected within 3.5(xs of a change in any of the five 
divisor select bits; strobe activity is not required. 
This feature may be disabled through a CLASP® pro- 
gramming option causing new frequency initiation to 
be delayed until the end of the current fo half-cycle 
All five data inputs have pull-ups identical to that 
of the FENA input, while the strobe input has no 
pull-up. 



Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 


This input is either one pin of the crystal package or one polarity 






External input 1 


of the external input. 


2 


XTAL/EXT2 


Crystal or 


This input is either the other pin of the crystal package or the other 






External Input 2 


polarity of the external input. 


3 


Vcc 


Power Supply 


4- 5 volt supply 


4 


fx 


fx 


Crystal/clock frequency reference output 


5 


GND 


Ground 


Ground 


6 


fo/16 


fo/16 


IX clock output 


7 


FENA 


Enable 


A low level at this input causes the fo and fo/16 outputs to be 
held high. An open or a high level at the FENA input enables the 
fo and fo/16 outputs. 


8 


E 


E 


Most significant divisor select data bit. An open at this input is 
equivalent to a logic high. 


9 


NO 


NC 


No connection 


10 


fx/4 


fx/4 


1/4 crystal/clock frequency reference output. 


11 


ST 


Strobe 


Divisor select data strobe. Data is sampled when this input is high, 
preserved when this input is low. 


12-15 


D,C,B,A 


D,C,B,A 


Divisor select data bits. A = LSB. An open circuit at these inputs 
is equivalent to a logic high. 


16 


fo 


fo 


16X clock output 



For electrical characteristics, see page 231. 
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STANDARD MICROSYSTEMS 
CORPORATION. 




COM 8116 
COM 8116T 
COM 8136 
COM 8136T 



Dual Baud Rate Generator 

Programmable Divider 



FEATURES 

n On chip crystal oscillator or external 
frequency input 

□ Single + 5v power supply 

n Choice of 2 X 16 output frequencies 

n 16 asynchronous/synchronous baud rates 

n Direct UART/USRT/ASTRO/USYNRT 

compatibility 
n Full duplex communication capability 

□ High frequency reference output* 

n Re-programmable ROM via CLASP® 
technology allows generation of other 
frequencies 

n TTL, MOS compatibility 

D Compatible with COM 5016/COM 5036 



PIN CONFIGURATION 



XTAL/EXT1 1 [T 




■p 18 XTAL/EXT2 


V^ 


+ 5v 2 J 




fl7fT 


fR3| 




5l6T, 


Ra4I 




|15Tb 


Rb 5 1 




|14Tc 


Rc6t 




|13Td 


Rd7D 




|12 STT 


STR sn 




111 GND 


NC 9(1 




J 10 fx/4* 



BLOCK DIAGRAM 



FREQUENCY 
DECODE 
AND 
CONTROL 



REPROGRAMMABLE 
FREQUENCY SELECT 



r' 



^4 



■■^x/4- 



1 ' : I 



-^fR 



FREQUENCY 
DECODE 
AND 
CONTROL 



REPROGRAMMABLE 
FREQUENCY SELECT 



+ 5v GND 



*COM8136/Tonly 
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General Description 



I he caianctard Microsystems Cum ane/uuM 8136 is an 
eniianced version of tlie COM 5016/COM 5036 Dual Baud 
Rate Generator. It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies and employs 
depletion mode loads, allowing operation from a single +5v 
supply. 

The standard COM 8116/COM 8136 is specifically dedi- 
cated to generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 16X 
UART/USRT devices. A large number of the frequencies 
available are also useful for IX and 32X ASTRO/USYNRT 
devices. 

The COM 8116/COM 8136 features an internal crystal oscil- 
lator which may be used to provide the master reference 
frequency Alternatively, an external reference may be sup- 
plied by applying complementary TTL level signals to pins 
1 and 18. Parts suitable for use only with an external TTL 
reference are marked COM 8116T/COM 8136T. TTL out- 
puts used to drive the COM 8116/COM 8136 or COM 81 16T/ 
COM 8136T XTAL/EXT inputs,should not be used to drive 



other TTL inputs, as noise immunity may be compromised 
due to excessive loading. 

The output of the oscillator/buffer is applied to the dividers 
for generation of the output frequencies U, fp,. The dividers 
are capable of dividing by any integer from 6 to 2^' + 1, 
inclusive. If the divisor is even, the output will be square; 
otherwise the output will be high longer than it is low by one 
fx clock period. 

The reference frequency (fx) is used to provide a high fre- 
quency output at fx/4 on the COM 8136/T. 
Each of the two divisor ROMs contains 16 divisors, each 19 
bits wide, and is fabricated using SMC's unique CLASP® 
technology allowing up to 32 different divisors on custom 
parts. This process permits reduction of turn-around time 
for ROM patterns. Each group of four divisor select bits is 
held in an externally strobed data latch. The strobe input is 
level sensitive: while the strobe is high, data is passed directly 
through to the ROM. Initiation of a new frequency is effected 
within 3.5(i,s of a change in any of the four divisor select bits 
(strobe activity is not required). The divisor select inputs have 
pull-up resistors; the strobe inputs do not. 



Description of Pin Functions 



Pin No. Symbol 



1 

2 
3 

4-7 

8 



9 

10 
11 
12 



13-16 
17 
18 



XTAL/EXT1 
Vcc 

Ra> Rbi Rc. Rd 

STR 

NC 
fx/4* 
GND 
STT 

"di "Ci Tb, Ta 

XTAL/EXT2 



Name 



Crystal or 

External Input 1 

Power Supply 

Receiver Output 

Frequency 
Receiver-Divisor 
Select Data Bits 
Strobe-Receiver 



No Connection 
fx/4 
Ground 
Strobe- 
Transmitter 

Transmitter- 
Divider 
Select Data Bits 
Transmitter 

Output 

Frequency 

Crystal or 

External Input 2 



Function 



This input is either one pin of the crystal package or one polarity 
of the external input. 
-I- 5 volt supply 

This output runs at a frequency selected by the Receiver divisor 

select data bits. 

The logic level on these inputs, as shown in Table 1, selects the 

receiver output frequency, f,,. 

A high level input strobe loads the receiver data (R^, Rg, Rc, Rd) into 

the receiver divisor select register. This input may be strobed or 

hard-wired to a high level. 

Va crystal/clock frequency reference output. 

Ground 

A high level input strobe loads the transmitter data (T^, Tj, Tc, Tp) 

into^ the transmitter divisor select register. This input may be 

strobed Or hard-wired io a high level. 

The logic level on these inputs, as shown in Table 1, selects the 

transmitter output frequency, ^. 

This output runs at a frequency selected by the Transmitter divisor 
select data bits. 

This input is either the other pin of the crystal package or the 
other polarity of the external input. 



*COM 8136/T only 



For electrical characteristics, see page 231. 
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STANDARD MICROSYSTEMS 
CORPORATION^ 




COM 8126 
COM 8126T 
COM 8146 
COM 8146T 



Baud Rate Generator 

Programmable Divider 



FEATURES 

n On chip crystal oscillator or external 

frequency input 
n Single + 5v power supply 
n Choice of 16 output frequencies 
n 16 asynchronous/synchronous baud rates 
n Direct UART/USRT/ASTRO/USYNRT 

compatibility 

□ High frequency reference output* 

n Re-programmable ROM via CLASP® 
technology allows generation of other 
frequencies 

□ TTL, MOS compatibility 

D Compatible with COM 5026/COM 5046 



PIN CONFIGURATION 



XTAL/EXT1 II 
XTAL/EXT2 2| 
+5v 3 1 
NC 4| 
GND 5 1 
NC 6l 
NC 7l 



■^u 



I 14 four 
|13 A 

12 B 

11 C 

10 D 
l9 ST 
l8 fx/4' 



BLOCK DIAGRAM 



ST> 

A>- 
B>- 
C>- 
D>- 



D-LATCH 







FREQUENCY 
DECODE 
AND 
CONTROL 



XTAL/EXT1 : 



XTAUEXT2; 



-V 



REPROGRAMMABLE 
FREQUENCY SELECT 



ROM 



DIVIDER 



■i-4 



^2 



■fx/4* 



■J -I k 

+5v GND 



•COM 8146/T only 
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General Description 



The Standard Microsystem's COM 8126/COM 8146 is 
an enlianced version of the COM 5026/COM 5046 Baud 
Rate Generator. It is fabricated using SMC's patended 
COPLAMOS® and CLASP® technologies and employs 
depletion mode loads, allowing operation from a single 
+5v supply. 

The standard COM 8126/COM 8146 is specifically dedi- 
cated to generating the full spectrum of 16 asynchronous/ 
synchronous data communication frequencies for 16X 
UART/USRT devices. A large number of the frequencies 
available are also useful for IX and 32X ASTRO/USYNRT 
devices. 

The COM 8126/COM 8146 features an internal crystal oscil- 
lator which may be used to provide the master reference 
frequency. Alternatively, an external reference may be sup- 
plied by applying complementary TTL level signals to pins 
1 and 2. Parts suitable for use only with an external TTL ref- 
erence are marked COM 8126T/COM 8146T TTL outputs 
used to drive the COM 8126/COM 8146 or COM 8126T/COM 
8146T XTAL/EXT inputs should not be used to drive other 
TTL inputs, as noise immunity may be compromised due to 
excessive loading. 



The output of the oscillator/buffer is applied to the divider 
for generation of the output frequency. The divider is capa- 
ble of dividing by any integer from 6 to 2^« + 1, inclusive. If 
the divisor is even, the output will be square; othenvise the 
output will be high longer than it is low by one fx clock period. 

The reference frequency (fx) is used to provide a high fre- 
quency output at fx/4 on the COM 8146/T. 

The divisor ROM contains 16 divisors, each 19 bits wide, 
and is fabricated using SMC's unique CLASP® technology 
This process permits reduction of turnaround time for ROM 
patterns. The four divisor select bits are held in an exter- 
nally strobed data latch. The strobe input is level sensitive: 
while the strobe is high, data is passed directly through to 
the ROM. Initiation of a new frequency is affected within 
3.5(jls of a change in any of the four divisor select bits (strobe 
activity is not required). This feature may be disabled through 
a CLASP® programming option causing new frequency ini- 
tiation to be delayed until the end of the curent fom half-cycle. 
The divisor select inputs have pull-up resistors; the strobe 
input does not. 



Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


XTAL/EXT1 


Crystal or 
External Input 1 


This input is either one pin of the crystal package or one polarity 
of the external input. 


2 


XTAL/EXT2 


Crystal or 
External Input 2 


This input is either the other pin of the crystal package or the other 
polarity of the external input. 


3 


Vcc 


Power Supply 


+ 5 volt supply 


4,6,7 


NC 


No Connection 




5 


GND 


Ground 


Ground 


8 


fx/4* 


fx/4 


Va crystal/clock frequency reference output. 


9 


ST 


Strobe 


A high level strobe loads the input data (A, B, C, D) into the input 
divisor select register. This input may be strobed or hard-wired to 
a high level. 


10-13 


D,C,B,A 


Divisor Select 
Data Bits 


The logic level on these inputs as shown in Table 1, selects the 
output frequency. 


14 


four 


Output 
Frequency 


This output runs at a frequency selected by the divisor select 
data bits. 



*COM 8146/T only 
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ELECTRICAL CHARACTERISTICS COM8046, COM8046T, COM8116, COM8116T, COM8126, 

COM8126T, COM8136, COM8136T, COM8146, COM8148T 

MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range ' ^^°^ *° + "" 50°C 

Lead Temperature (soldering, 10 sec.) + 325°C 

Positive Voltage on any Pin, with respect to ground + 8.0V 

NegativeVoltageonany Pin. with respect to ground -0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or at any other condition above those indicated in the operational 

sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 

the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 

exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 

exists it is suggested that a clamp circuit be used. 
ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C, Vcc= ^5V±5%, unless otherwise noted) 



Parameter 


MIn. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 












Low-level, Vn 






0.8 


V 




High-level, ViH 


2.0 






V 


excluding XTAL inputs 


OUTPUT VOLTAGE LEVELS 












Low-level, Vol 






0.4 


V 


loL = 1.6mA, forfx/4,fo/16 








0.4 


V 


Iql = 3.2mA, for fo.fR.fi 








0.4 


V 


loL = 0.8mA, for fx 


High-level, Voh 


3.5 






V 


loH = -100M;for fx, Ioh = -50M 


INPUT CURRENT 












Low-level, II 






-0.1 


mA 


V.N = GND, excluding XTAL inputs 


INPUT CAPACITANCE 












All inputs, CiN 




5 


10 


Pl- 


ViN = GND, excluding XTAL inputs 


EXT INPUT LOAD 




8 


10 




Series 7400 equivalent loads 


POWER SUPPLY CURRENT 












Ice 






50 


mA 




A.C. CHARACTERISTICS 










T.= +25°C 


CLOCK FREQUENCY, fN 


0.01 




7.0 


MHz 


XTAL/EXT, 50% Duty Cycle ±5% 
COM 8046, COM 8126, COM 8146 




0.01 




5.1 


MHz 


XTAL/EXT, 50% Duty Cycle ±5% 
COM 8116, COM 8136 


STROBE PULSE WIDTH, tpw 


150 




DC 


ns 




INPUT SET-UP TIME 












tDS 


200 






ns 




INPUT HOLD TIME 












toH 


50 






ns 




STROBE TO NEW FREQUENCY DELAY 






3.5 


MS 


@fx = 5.0MHz. 
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Crystal Operation 
COM 8116 
COM 8136 



D 



5.0688 MH z 
crystal I 



-^y- 



3-^ 



External Input Operation 
COM8116/COM8116T 
COM8136/COM8136T 



^- 



74XX 
TTL 



>{>Lc 



T^ 



18 



>J 



74XX, 
TTL 



>1>H>h: 



v_/ 



>" 



74XX — totem pole or open collector output (external 
pull-up resistor required) 



Crystal Operation 
COM 8126 
COM 8146 
COM 8046 





External Input Operation 
COM 8126/COM 8126T 
COM 8146/COM 8146T 
COM 8046/COM 8046T 

H>r-{>-c 




74XX— totem pole or open collector output (external 
pull-up resistor required) 



For ROM re-programming SMC has a computer program available whereby the customer 

need only supply the input frequency and the desired output frequencies. 

The ROM programming is automatically generated. 



Crystal Specifications 

User must specify termination (pin, wire, other) 

Prefer: HC-18/U or HC-25/U 

Frequency — 5.0688 MHz, AT cut 

Temperature range 0°C to 70°C 

Series resistance <50 n 

Series Resonant 

Overall tolerance ± .01% 

or as required 



Crystal manufacturers (Partial List) 
Northern Engineering Laboratories 

357 Beloit Street 
Burlington, Wisconsin 53105 
(414) 763-3591 

Bulova Frequency Control Products 

61-20 Woodside Avenue 

Woodside, New York 11377 

(212) 335-6000 

CTS Knights Inc. 

101 East Church Street 

Sandwich, Illinois 60548 

(815) 786-8411 

Crystek Crystals Corporation 

1000 Crystal Drive 

Fort Myers, Florida 33901 

(813)936-2109 
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COM 8046 
COM 8046T 



Table 2 

REFERENCE FREQUENCY = 5.068800MHz 



Divisor 


Desired 




Desired 




Actual 


Actual 




Select 


Baud 


Clock 


Frequency 




Baud 


Frequency 




EDCBA 


Rate 


Factor 


(KHz) 


Divisor 


Rate 


(KHz) 


Deviation 


00000 


50.00 


32X 


1 .60000 


3168 


50.00 


1.600000 


0.0000% 


00001 


75.00 


32X 


2.40000 


2112 


75.00 


2.400000 


0.0000% 


00010 


110.00 


32X 


3.52000 


1440 


110.00 


3.520000 


0.0000% 


00011 


134.50 


32X 


4.30400 


1177 


134.58 


4.306542 


0.0591% 


00100 


150.00 


32X 


4.80000 


1056 


150.00 


4.800000 


0.0000% 


00101 


200.00 


32X 


6.40000 


792 


200.00 


6.400000 


0.0000% 


00110 


300.00 


32X 


9.60000 


528 


300.00 


9.600000 


0.0000% 


00111 


600.00 


32X 


19.20000 


264 


600.00 


19.200000 


0.0000% 


01000 


1200.00 


32X 


38.40000 


132 


1200.00 


38.400000 


0.0000% 


01001 


1800.00 


32X 


57.60000 


88 


1800.00 


57.600000 


0.0000% 


01010 


2400.00 


32X 


76.80000 


66 


2400.00 


76.800000 


0.0000% 


01011 


3600.00 


32X 


115.20000 


44 


3600.00 


115.200000 


0.0000% 


01100 


4800.00 


32X 


153.60000 


33 


4800.00 


153.600000 


0.0000% 


01101 


7200.00 


32X 


230.40000 


22 


7200.00 


230.400000 


0.0000% 


01110 


9600.00 


32X 


307.20000 


16 


9900.00 


316.800000 


3.1250% 


01111 


19200.00 


32X 


614,40000 


8 


19800.00 


633.600000 


3.1250% 


10000 


50.00 


16X 


0.80000 


6336 


50.00 


0.800000 


0.0000% 


10001 


75.00 


16X 


1.20000 


4224 


75.00 


1,200000 


0.0000% 


10010 


110.00 


16X 


1 .76000 


2880 


110.00 


1.760000 


0.0000% 


J 0011 


134.50 


16X 


2.15200 


2355 


134.52 


2.152357 


0.0166% 


10100 


150.00 


16X 


2.40000 


2112 


150.00 


2,400000 


0.0000% 


10101 


300.00 


16X 


4.80000 


1056 


300.00 


4.800000 


0.0000% 


10110 


600.00 


16X 


9.60000 


528 


600.00 


9.600000 


0.0000% 


10111 


1200.00 


16X 


19.20000 


264 


1200.00 


19.200000 


0.0000% 


11000 


1800.00 


16X 


28.80000 


176 


1800.00 


28.800000 


0.0000% 


11001 


2000.00 


16X 


32.00000 


158 


2005.06 


32.081013 


0.2532% 


11010 


2400.00 


16X 


38.40000 


132 


2400.00 


38.400000 


0.0000% 


11011 


3600.00 


16X 


57.60000 


88 


3600.00 


57.600000 


0.0000% 


11100 


4800.00 


16X 


76.80000 


66 


4800.00 


76.800000 


0.0000% 


11101 


7200.00 


16X 


115.20000 


44 


7200.00 


115.200000 


0.0000% 


11110 


9600.00 


16X 


153.60000 


33 


9600.00 


153.600000 


0.0000% 


11111 


19200.00 


16X 


307.20000 


16 


19800.00 


316.800000 


3.1250% 
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COM8116, COM8116T, COM8126, COM8126T 
COM8136, COM8136T, COM8146, COM8146T 



Baud Rate Generator Output Frequency Options 











Table 1. 




{1@X ciock) 








CRYSTAL FREQUENCY = 5.0688 MHz 




Tr'mit/Receive 


Theoretical 


Actual 




Duty 




Address Baud 


Frequency 


Frequency 


Percent 


Cycle 






u 


A Rate 


16X Clock 


16X Clock 


Error 


% Divisor 











50 


0.8 KHz 


0.8 KHz 


_ 


50/50 6336 











1 75 


1.2 


1.2 





50/50 4224 





U 


1 


110 


1.76 


1.76 


— 


50/50 2880 








1 


1 134.5 


2.152 


2.1523 


0.016 


50/50 2355 





1 





150 


2.4 


2.4 


— 


50/50 2112 





1 





1 300 


4.8 


4.8 


— 


50/50 1056 





1 


1 


600 


9.6 


9.6 


— 


50/50 528 





1 


1 


1 1200 


19.2 


19.2 





50/50 264 










1800 


28.8 


28.8 


— 


50/50 176 










1 2000 


32.0 


32.081 


0.253 


50/50 158 







1 


2400 


38.4 


38.4 


— 


50/50 132 







1 


1 3600 


57.6 


57.6 


— 


50/50 88 




1 





4800 


76.8 


76.8 


j^ 


50/50 66 




1 





1 7200 


115.2 


115.2 





50/50 44 




1 


1 


9600 


153.6 


153.6 





48/52 33 




1 


1 


1 19.200 


307.2: 


316.8 


3.125 


50/50 16 













Table 2. 




(16X Clock) 










CRYSTAL FREQUENCY = 4.9152 MHz 




Tr'mit/Receive 




Theoretical 


Actual 




Duty 




Address 


Baud 


Frequency 


Frequency 


Percent 


Cycle 


D 


C 


a 


A 


Rate 


16X Clock 


16X Clock 


Error 


% Divisor 














50 


0.8 KHz 


0.8 KHz 


_ 


50/50 6144 













75 


1.2 


1.2 


— 


50/50 4096 








1 





110 


1.76 


1.7589 


-0.01 


* 2793 








1 




134.5 


2.152 


2.152 





50/50 2284 





1 








150 


2.4 


2.4 





50/50 2048 





1 







300 


4.8 


4.8 


— 


50/50 1024 





1 


1 





600 


9.6 


9.6 


— 


50/50 512 





1 


1 




1200 


19.2 


19.2 





50/50 256 












1800 


28.8 


28.7438 


-0.19 


171 












2000 


32.0 


31.9168 


-0.26 


50/50 154 







1 




2400 


38.4 


38.4 





50/50 128 







1 




3600 


57.6 


57.8258 


0.39 


85 




1 







4800 


76.8 


76.8 


— 


50/50 64 




1 







7200 


115.2 


114.306 


-0.77 


43 




1 


1 




9600 


153.6 


153.6 




50/50 32 




1 


1 




19,200 


307.2 


307.2 


— 


50/50 16 











Table 3. 




(32X clock) 








CRYSTAL FREQUENCY = 5.0688 MHz 




Tr'mit/Receive 


Theoretical 


Actual 




Duty 




Address Baud 


Frequency 


Frequency 


Percent 


Cycle 




C 


B 


A Rate 


32X Clock 


32X Ciock 


Error 


% Divisor 











50 


1.6 KHz 


1.6 KHz 





50/50 3168 











1 75 


2.4 


2.4 





50/50 2112 








1 


110 


3.52 


3.52 


— 


50/50 1440 








1 


1 134.5 


4.304 


4.306 


.06 


• 1177 





1 





150 


4.8 


4.8 




50/50 1056 





1 





1 200 


6.4 


6.4 





50/50 792 





1 


1 


300 


9.6 


9.6 


— 


50/50 528 





1 


1 


1 600 


19.2 


19.2 


— 


50/50 264 










1200 


38.4 


38.4 


— 


50/50 132 










1 1800 


57.6 


57.6 


— 


50/50 88 







1 


2400 


76.8 


76.8 


— 


50/50 66 







1 


1 3600 


115.2 


115.2 


— 


50/50 44 




1 





4800 


153.6 


153.6 


— 


33 




1 





1 7200 


230.4 


230.4 


— 


50/50 22 




1 


1 


9600 


307.2 


316.8 


3.125 


50/50 16 




1 


1 


1 19,200 


614.4 


633.6 


3.125 


50/50 8 



OuTPU I r-HtuliENCY OPTIONS 

Dash Number 



STD 
SID 



-5 
-5 



-6 
-6 



•When Duty Cycle is not exactly 50%, it is 50% ± 1 0%. 
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STANDARD MICROSYSTEMS 



COM8116T 



Baud Rate uenerator output 
Frequency Options 













COM8116T-013 
















CRYSTAL FREQUENCY = 2.76480 MHz 






Transmit/ 


















Receive 






Theoretical 


Actual 




Duty 






Address 




Baud 


Frequency 


Frequency 


Percent 


Cycle 







C 


B 


A 


Rate 


16X Clock 


16X Clock 


Error 


% 


Divisor 


n 


n 








50 


0.8 KHz 


0.8 KHz 





50/50 


3456 


n 


n 







75 


1.2 


1.2 





50/50 


2304 





n 


1 


n 


110 


1.76 


1.76 


-.006 


50/50 


1571 








1 




134.5 


2.152 


2.152 


-.019 


50/50 


1285 





1 








150 


2.4 


2.4 





50/50 


1152 


n 


1 







200 


3.2 


3.2 





50/50 


864 


n 


1 


1 





300 


4.8 


4.8 





50/50 


576 


n 


1 


1 




600 


9.6 


9.6 





50/50 


288 













1200 


19.2 


19.2 





50/50 


144 












1800 


28.8 


28.8 





50/50 


96 







1 





2000 


32.0 


32.149 


+ .465 


50/50 


86 







1 




2400 


38.4 


38.4 





50/50 


72 




1 


n 


n 


3600 


57.6 


57.6 





50/50 


48 




1 


n 




4800 


76.8 


76.8 





50/50 


36 




1 


1 





9600 


153.6 


153.6 





50/50 


18 




1 


1 




19,200 


307.2 


307.2 





44/56 


9 













COM8116T-003 














CRYSTAL FREQUENCIES = 6.01835 MHz 






Transmit/ 


















Receive 






Theoretical 


Actual 




Duty 






Address 




Baud 


Frequency 


Frequency 


Percent 


Cycle 




D 


C 


B 


A 


Rate 


16X Clock 


16X Clock 


Error 


% 


Divisor 














50 


0.8 KHz 


799.9 Hz 





50/50 


7523 











1 


75 


1.2 


1200.0 





50/50 


5015 


n 


n 


1 





110 


1.76 


1759.7 





50/50 


3420 


n 


n 


1 


1 


134.5 


2.152 


2151.7 





50/50 


2797 


n 


1 








150 


2.4 


2399.6 





50/50 


2508 





1 





1 


200 


3.2 


3199.5 





50/50 


1881 





1 


1 


n 


300 


4.8 


4799.3 





50/50 


1254 


n 


1 


1 


1 


600 


9.6 


9598.6 





50/50 


627 




n 





n 


1200 


19.2 


19227.9 


+ 0.14 


50/50 


313 










1 


1800 


28.8 


28795.9 





50/50 


209 







1 





2000 


32.0 


32012.5 





50/50 


188 







1 


1 


2400 


38.4 


38333.4 


-0.17 


50/50 


157 




1 








3600 


57.6 


57868.7 


+ 0.46 


50/50 


104 




1 


n 


1 


4800 


76.8 


77158.3 


+ 0.46 


50/50 


78 




1 


1 


n 


9600 


153.6 


154316.6 


+ 0.46 


50/50 


39 




1 


1 


1 


19,200 


307.2 


300917.5 


2.04 


50/50 


20 













COM8116T-013A 
















CRYSTAL FREQUENCY— 5.52960 MHz 






Transmit/ 


















Reeaiva 






Theorstlcal 


Actual 




Duty 
Cycle 






Addrass 




Baud 


Frequency 


Frequency 


Percent 




D 


C 


B 


A 


Rata 


16X Clock 


1GX Clock 


Error 


% 


Divisor 


n 


n 








100 


1.6 KHz 


1.6 KHz 





50/50 


3456 













150 


2.4 


2.4 





50/50 


2304 


n 


n 


1 




220 


3.52 


3.5197 


-.006 


50/50 


1571 


n 





1 




269 


4.304 


4.3032 


-.019 


50/50 


1285 





1 







300 


4.8 


4.8 





50/50 


1152 


n 


1 







400 


6.4 


6.4 





50/50 


864 


n 


1 


1 





600 


9.6 


9.6 





50/50 


576 


n 


1 


1 




1200 


19.2 


19.2 





50/50 


288 




n 


n 





2400 


38.4 


38.4 





50/50 


144 







n 




3600 


57.6 


57.6 





50/50 


96 




n 


1 


n 


4000 


64.0 


64.298 


+ .466 


50/50 


86 







1 




4800 


76.8 


76.8 





50/50 


72 




1 





n 


7200 


115.2 


115.2 





50/50 


48 




1 







9600 


153.6 


153.6 





50/50 


36 




1 


1 





19,200 


307.2 


307,2 





50/50 


18 




1 


1 




38,400 


614,8 


614.8 





44/56 


9 
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fR 




' ' 












RCP 
TCP 


COM 2017 
UART 


RSI 
TSO 




DUAL 
BAUD RATE GENERATOR 








fT 










i 1 











Typical UART-Dual Baud Rate Generator Configuration 
Full Duplex-Split Speed 



tr 



Typical ASTRO-Baud Rate Generator Configuration 



xz 



COM 1671 
ASTRO 



R R 

II 'sAA 1— AAAr 



XTAL 



H>-^-^> 



{> 



i> 



Typical External Oscillator Hook-Up 



i> 



-►XTAL/EXT2 



-*- To System 



XTAL/EXT1 
COM 8XXX 

XTAL/EXT2 



I I XTAL 



50-1 OOpF 



X 



10pF 
10pF 



Generation of Communication Reference Frequency and — L . — L 

System Clock from a single crystal 




v>- 



To System 



74xx 



gANBSiRDMICROSYSTCMS 
CORPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information doesnotconvey to the purchaser of the semiconductor 
devices described any license under the patent rights of SI\i1C or others. SlylC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CXDRPORATION. 




COM 8156 
COM 8156T 



Dual Baud Rate Generator 

Programmable Divider 



FEATURES 

n On chip crystal oscillator or external frequency input 

D High crystal/clock frequency operation 

D Choice of 2 x 16 output frequencies 

D 16 asynchronous/synchronous baud rates 

D High frequency reference outputs 

D Direct UART/USRT/ASTRO/USYNRT compatibility 

D Full duplex communication capability 

D N-channel silicon gate technology 

D Single + 5v power supply 

n TTL, MOS compatibility 

D Re-programmable ROM technology allows generation 
of other frequencies 



PIN CONFIGURATION 

' ' 1 


XTAL 


1 18 


fo 


Vco 


2 17 


fr 


■F„ 


3 16 


Ta 


Ra 


4 15 


T. 


Rb 


5 14 


To 


Re 


6 13 


L 


Rd 


7 12 


STT 


STR 


8 11 


GND 


XTAL 


9 10 


'0/4 









STT->- 



D- 
LATCH 



XTAL/. 
EXT1 • 



XTAL/. 
EXT 2' 



Rb>- 
Rc>- 
R.>- 

STR>- 



D- 
LATCH 



BLOCK DIAGRAM 



FREQ. 
DECODE 
AND 
CONTROL 



:> 



PROGRAMMABLE 

FREQUENCY SELECT 

LOGIC 



■^2 



^ 



DIVIDER 



BUFFER 



^4 



BUFFER 



DIVIDER 



BUFFER 



FREQ. 
DECODE 
AND 
CONTROL 



A 



PROGRAMMABLE 

FREQUENCY SELECT 

LOGIC 



+5VS 
GND>- 



-^-fr 



-> fo 
-♦ fo-4 



■♦ fR 
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GENERAL DESCRIPTION 



Tlie Standard l\/licrosystem's COM8156 is a duai baud rate 
generator tliat operates at twice tlie crystai/clocl< frequency 
of tlie C0IVI81 16/36. It is fabricated using SMC's patented 
COPLAMOS™ teclinoiogy and employs depletion mode 
loads allowing operation from a single + 5V supply. 

The standard COI\i18156 is specifically dedicated to gen- 
erating the full spectrum of 16 asynchronous/synchronous 
data communication frequencies for 16X UART/USRT 
devices. A large number of the frequencies available are 
also useful for 1 X and 32X ASTRO/USYNRT devices. 

The COM8156 features an internal crystal oscillator which 
may be used to provide the master reference frequency 
Alternatively, an external reference may be supplied by 
applying complementary TTL level signals to pins 1 and 9. 
Parts suitable for use only with an external TTL reference 
are marked COM 8156T TTL outputs used to drive the 
COM8156 or COM8156T XTAL/EXT inputs should not be 
used to drive other TTL inputs, as noise immunity may be 
compromised due to excessive loading. 



The output of the oscillator/buffer is applied to the dividers 
for generation of the output frequencies fr, fp. The dividers 
are capable of dividing by an integer from 6 to 2^8 + 1, inclu- 
sive. If the divisor is even^ thft nutnut will ho cnijaro; othe*"- 
wise the output will be high longer that it is low by one fo 
clock period. 

The crystal frequency is divided by two to give (fo) and again 
by four to give (fo/4). The transmit (fx) and receive (f^) fre- 
quencies are obtained by dividing (fo) by N. Up to 32 differ- 

fint Hivi.Qnrft ran hp mack-nrnnrammpH pn /m ic>+i-kno nsi-tf* +^ 
— .., *....»«,, V w**. ■ 1*^5? . 1 iMwrv j^i^^i ui ■ II I iCw VI I wuokN^i 1 1 }joi 10 i\j 

accommodate different crystal frequencies and divider 
schemes. Each group of four divisor select bits is held in an 
externally strobed data latch. The strobe input is level sen- 
sitive: while the strobe is high, data is passed directly through 
to the ROM. Initiation of a new frequency is effected within 
3.5us of a change in any of the four divisor select bits (strobe 
activity is not required). The divisor select bits (strobe activ- 
ity is not required). The divisor select inputs and the strobe 
inputs have pull-up resistors. 



DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


FUNCTION 


1 


XTAL/EXT 1 


Crystal 


This input receives one pin of the crystal oackaoe. 


2 


v.. 


Power Supply 


+ 5 Volt Supply. 


3 


fR 


Receiver Output 


This output runs at a frequency selected by the Receiver 
Address Inputs. 


4-7 


Ra Rb Rc> Rd 


Receiver 
Divisor Select 
Address 


The logic level on these inputs as shown in Table 1, selects 
the receiver output frequency, fR. 


8 


STR 


Strobe-Receiver 
Address 


A high-level input strobe loads the receiver address (R,, Rb, 
Re, Rd) into the receiver address register. This input may be 
strobed or hard wired to + 5V. 


9 


XTAL/EXT 2 


Crystal 


This input receives one pin of the crystal package. 


10 


foM 


Oscillator 
Output 


This output runs at a frequency selected by the crystal -h 8. 


11 


GND 


Ground 


Ground 


12 


STT 


Strobe-Transmitter 
Address 


A high-level input strobe loads the transmitter address (T^, 
Tb, To, T(,) into the transmitter address register. This input 
may be strobed or hard wired to + 5V. 


13-16 


TdTcTbT. 


Transmitter 
Divisor Select 
Address 


The logic level on these inputs, as shown in Table 1, selects 
the transmitter output frequency, fj. 


17 


fr 


Transmitter 
Output Frequency 


This output runs at a frequency selected by the Transmitter 
Address inputs. 


18 


fo 


Oscillator 
Output Frequency 


This output runs at a frequency selected by the crystal :2. 
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ELECTRICAL CHARACTERISTICS 



COM8156, COM8156T 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°p to + ^0°^ 

Storage Temperature Range - 55° to + 150°C 

Lead Temperature (soldering, 10 sec.) + 325 C 

Positive Voltage on any Pin, with respect to ground + 8.0V 

Negative Voltage on any Pin, with respect to ground - 0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this speci- 
ficationis not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum 
Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their 
outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (T;,= 0°C to 70°C, \ 


'cc = +5V ±5%, unless otherwise noted) 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


DC CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low Level V,l 
High Level V,h 


2.0 




0.8 


V 
V 


excluding XTAL inputs 


OUTPUT VOLTAGE LEVELS 
Low Level Vol 

High Level Vqh 


3.5 
2.7 




0.4 
0.4 
0.5 


V 
V 
V 
V 
V 


loL = 1.6 mA, for fo« 
loL = 3.2 mA, for fR,fT 
loL = 3.2 mA, for fo 

loH= -100|JLAfp„fT,fo/4 

loH= -lOOnAfn 


INPUT CURRENT 
Low-level, I,l 






-0.1 


mA 


V,N = GND, excluding XTAL inputs 


INPUT CAPACITANCE 
All inputs, C,N 




5 


10 


PF 


V|N = GND, excluding XTAL inputs 


EXT INPUT LOAD 




8 


10 




Series 7400 equivalent loads 


POWER SUPPLY CURRENT 

Ice 






60 


mA 




AC CHARACTERISTICS 

CLOCK FREQUENCY, f,^ 


0.01 




11.0 


MHz 


TA= +25C 

XTAL/EXT, 50% Duty Cycle ± 5% 


STROBE PULSE WIDTH, tpw 


150 




DC 


ns 




INPUT SET-UP TIME 

tos 


50 






ns 




INPUT HOLD TIME 

Tdh 


50 






ns 




STROBE TO NEW FREQ. DELAY 






3.5 


us 




OUTPUT CLOCKS DUTY CYCLE 

fo 


40 
45 
48 




60 
55 
52 


% 
% 
% 


@ 1.5V LEVEL 
@ 1.5V LEVEL 
@ 1.5V LEVEL 


OUTPUT Clocks Rise & Fall times 






15 


ns 




CRYSTAL CHARACTERISTICS 

Series Crystal Resistance 
Crystal Shunt Capacitance 


2 


30 
5 


70 
10 


•pf 


@ Resonance 
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TIMING DIAGRAM 



STROBE 







Baud Rate Generator Output Frequency Options 



COM8156/COM8156T 

CRYSTAL FREQUENCY = 10 

Tr'mit/Receive Theoretical Actual 

Address Baud Frequency Frequency 
D C B A Rate 16X Clock 16X Clock 



clock) 





1 

1 

1 1 

1 
1 1 
1 1 



50 

75 
110 
134.5 
150 
300 
600 



111 1200 
10 1800 
10 1 2000 
10 10 2400 
10 11 3600 
110 4800 
110 1 7200 

1110 9600 

1111 19.200 



0.8 KHz 

1.2 

1.76 

2.152 

2.4 

4.8 

9.6 

19.2 

28.8 

32.0 

38.4 

57.6 

76.8 

115.2 

153.6 

307.2 



0.8 KHz 

1.2 

1.76 

2.1523 

2.4 

4.8 

9.6 

19.2 

28.8 

32.081 

38.4 

57.6 

76.8 

115.2 

153.6 

316.8 



(16X 
1376 MHz 

Duty 
Percent Cycle 
Error % Divisor 

6336 

4224 

2880 

2355 

2112 

1056 

528 

264 

176 

158 

132 



— 50/50 

— 50/50 

— 50/50 
0.016 50/50 

— 50/50 

— 50/50 

— 50/50 

— 50/50 

— 50/50 
0.253 50/50 

— 50/50 

— 50/50 

— 50/50 

— 50/50 

— 48/52 
3.125 50/50 



66 
44 
33 

16 



COM8156-005/COM8156T-005 


(16X Clock) 






CRYSTAL FREQUENCY = 9.8304 MHz 


Tr'mit/Receive 


Theoretical 


Actual 


Dutv 


Address Baud 


Frequency 


Frequency Percent Cycle 




u 


A Rate 


16X Clock 


16X Clock 


Error % Divisor 








50 


0.8 KHz 


0.8 KHz 


— 50/50 6144 








1 75 


1.2 


1.2 


— 50/50 4096 





1 


110 


1.76 


1.7589 


-0.01 * 2793 





1 


1 134.5 


2.152 


2.152 


— 50/50 2284 


1 





150 


2.4 


2.4 


— 50/50 2048 


1 





1 300 


4.8 


4.8 


— 50/50 1024 


1 


1 


600 


9.6 


9.6 


— 50/50 512 


1 


1 


1 1200 


19.2 


19.2 


— 50/50 256 


1 





1800 


28.8 


28.7438 


-0.19 * 171 


1 


u 


1 2000 


32.0 


31.9168 


-0.26 50/50 154 


1 


1 


2400 


38.4 


38.4 


— 50/50 128 


1 


1 


1 3600 


57.6 


57.8258 


0.39 * 85 


1 1 


u 


4800 


76.8 


76.8 


— 50/50 64 


1 1 


u 


1 7200 


115.2 


114.306 


-0.77 * 43 


1 1 


1 


9600 


153.6 


153.6 


— 50/50 32 


1 1 


1 


1 19.200 


307.2 


307.2 


— 50/50 16 



Crystal Operation 



External Input Operation 



CO i 

to ' 



h: 



T^ 



74XX>, [Sr lii 

TIL n.'^nrL-i^ 



V 



H: 



■C7- 



74XX— totem pole or open collector output (external 
pull-up resistor required) 



For ROM re-programming SMC has a computer program available whereby the customer 

need only supply the input frequency and the desired output frequencies 

The ROM programming is automatically generated. 



Crystal Specifications 

User must specify termination (pin, wire, other) 

Prefer: HG-18/U or HC-25/U 

Frequency: 10.1376 MHz, AT cut 

Temperature range 0°C to 70°C 

Series resistance <50 O 

Sehes Resonant 

Overall tolerance ±.01% 

or as required 



Crystal manufacturers (Partial List) 
Northern Engineering Laboratories 

357 Beloit Street 

Burlington, Wisconsin 53105 

(414) 763-3591 

Bulova Frequency Control Products 

61 -20 Woodside Avenue 
Woodside, NewYorl< 11377 
(212) 335-6000 



CTS Knights Inc. 

101 East Church Street 

Sandwich, Illinois 60548 

(815)786-8411 

Crystek Crystals Corporation 

1000 Crystal Drive 

Fort Myers, Florida 33901 

(813) 936-2109 



§SMBS!?Q.jy"CRosYSTCMS 

CORPORATION^ 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor aoDlica- 
tions; consequently complete information sufficient for construction purposes is not necessarMv a ven The 
information has been carefully checked and is believed to be entirely reliable. However nfresDoS^^ 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to mTke chances 
at any time in order to improve design and supply the best nrodnct possible. 'umaKecnanges 
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CRTDisplSQr 

TIMING CONTROLLERS 



Part 
Number 


Description 


®SE#iBa|»Fi¥iiBW 




Max 
Clock 


3P6ffl«aif§ 


Package 


Page 


•d^mmi^m 






programmable 


4 MHz 


+ 5. +12 


40 DIP 


243-250 


CRT 5037 


balanced team interlace 


programmable 


iSWttSiil; 


+ 5, +12 


40 DIP 


243-250 


i^^K 


S^^W^B 




^^H 


isSiSiiKfe 


masiBmm 


MWi 


CRT 5057 




ffliS^ftSSSHlttBliBl 


i^m^0m^^S§ 


4 MHz 


+ 5. + 12 


40 DIP 


243-250 




PWB^S^^^H 


^^^^^W 


^^^^M 


I^K 




^^ 


259-282 


CRT 9007A, 


Sw^S^^^PBftl 




S^S^Sffl^ftSu 


A-S/?^MHz 




M 


319-338 





VIDEO TERMINAL LO&IC CONTROLLER 








ftliiirliii 


itWMiSMftsiWftwaiMi 


:islflfSISW13 


SMiiii»i 


W&!0im0Bff:$ 


W^kB 


Power 


?SSiBiiKl95i 






aaeiilWaibaiiie 


,l^|||iaai|ea|ffl 


W0^0ms0sm 


Attributes 


^S0j^ 


Supply 


Package 


Page 


tte^iieiP^w 




WiWItti 


'^^^0^m^iM& 


Reverse video, 


iHisB 


isilis 


Ms^mA 


351-366 


HHilHII 






^^M 






llSffiSfti 








^ 'May lie custom, mask programmed 



VI>A.C™ DISPLAY CONTROLLERS 



Part 
Humber 


3>escriptioiL 


SdLsplay 


Attributes 


Max 
Clock 


Power 
Supply 


Package 


Page 


CRT8002H 


Provides complete • 
display and attri- 
"butes control for 
alplianumeric and 
grapTiiCB display. 
Consists of 7 X 11 X 128 
ch.aracter generator, 
video shifl register, 
latches, gmphics and 
attributes circuits. 


7 X 11 dot matrix, 
■wide grapMcs, 
thin graphics, 
on-clilp ctirsoT 


reverse video 
blank , 
Mirtk 
\mderline 
strike-thru 


25 MHz 


+6 


28 DIP 


297-304 


GBT800a&<^-==> 


20 MHz 


283-296 


CRT 80Q2B<^-='' 


15 MHz 


283-296 


CaT800^<«> 


10 MHz 


283-296 



VIDEO ATTRIBUTES CONTROLLERS 





WMiMBlsc^^^^^iMi$iS:(^ 


^^^BX 


Attributes 


1^^ 


sSv 


Package 


Page 


W^s^^M$iM 








S^^M? 


^Hil 


28 DIP 


305-312 


iSp@£^|Bf\vg 


■aiiffgi«ipiiicS^bs4i^-'VS; 
■|5r^(^:yidBO; :.:. ^ ■■;■;:;■ ■..■^■ 


m-diap^^^oivSetebie.^-: 


;UBSe§pSi^ ^'. ■■;.■. ■ 

.tftfeasity-:?:-:;^',::::: 


^s^^M^^^i 


|i|:||g\ 


W^M^ 


339-350 


tgS^904i4^,^-;a; 


^^aphicsaaitMlf^ 
^vldeo displays, full.' :.' Z: 
:1?iiQia®; ai^^F!E2^; . yxi: 
:coni©^aiib]ls; ; v /' ■ ■ : ; z,^ ..." .' ^ ■ -U 


•kQdt^&^aiiMesy -^ ■ ■ '-< 
i.eursor. modes, double .. 
:l:^3^3SMath,-12W-- ■.■ -' 
^sii&i«iSter-:: ;■:■.:, y?\^ 


SevergeTriaSdj^-'- 

:Uiiiiai^in^4\.- . : 
;fcfei^it3r:i#vels: 




;;V;;#SS^;;W 


->4Q:SiP;\- 


367-382 
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GRTDisfplaycoNT. 

CHARACTER GENERATORS 





^-^:':--^^--MP ■ ;;i&^ciSj»ti&ot-\-' 


Frequency 


Power Supply 


S:-^*a^aoapK---- 


■■v::v^j^^'M;' 


:QRff:7O04il<^^^>■■:^''■■.■.v■.:■^;■■-■ 




:ic;.i8Q:MHzV\:' 


::;;':;^;';j'';:*W^'r:f^^ 


;j-::::MBi^';^--;:;-: 


;Sis2^^m:.| 


■dflT-¥GO€B««.--^^^'^^^-V^--^ 


'■-"■^i5-1HHz'"-V-- 


.CKr'J*CKM0i:«-.:^-- 


v\"'^;103ffiE&-/-^^' 



ROW BUFFER 



illigSiip||i:i|ii| 


Description 




Power Supply 


Package 


iSS 


''M&W^sS^mMXM 


8 bit wide serial cascadabie single row 
buifep memory for CBT or printer 


83 characters 


;ill;liSi|pSlllil 


ilBHii 


ISiiil^ 


l&^^mMS&SsiSM 


135 characters 


^ttiiiilliil 


6 bit wide serial cascadable double row 
buffer memory for CRT or prtoter 


135 chai-acters 


:'::''::!:fi-''?;ii'.!^^:|:;:i'ii:^^^ 


liililliii 


SS^g'ig^SS 



'■ ' 'May be custom mask programmed 

<='Also available as CRT8002A, B, C -001 Katakana 

CRT800SA, B, C -003, -018 5 x 7 dot matrix 
^*'Also available as CRT7004A,B,C— 003 5X7 dot matrix 
VTIOO and VT220 are registered trademarks of Digital Equipment Corp. 
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STANDARD MICROSYSTEMS 
CORPORATION^ 




CRT Video Timer and Controller 



CRT 5027 
CRT 5037 
CRT 5057 

/X PC FAMILY 



VTAC 



® 



FEATURES 

G Fully Programmable Display Format 

Characters per data row n-20D) 

Data rows per frame (1 -64) 

Raster scans per data row (1 -16) 
D Programmable Monitor Sync Format 

Raster Scans/ Frame (256-1 023) 

"Front Porch" 

Sync Width 

"Back Porch" 

Interlace/Non-lnterlace 

Vertical Blanking 
n Lock Line Input (CRT 5057) 
D Direct Outputs to CRT Monitor 

Horizontal Sync 

Vertical Sync 

Composite Sync (CRT 5027, CRT 5037) 

Blanking 

Cursor coincidence 
D Programmed via: 

Processor data bus 

External PROM 

Mask Option ROM 
n Standard or Non-Standard CRT Monitor Compatible 
D Refresh Rate: 60Hz, 50Hz, . . . 
D Scrolling 

Single Line 

Multi-Line 
D Cursor Position Registers 
D Character Format: 5x7, 7x9, . . . 
D Programmable Vertical Data Positioning 
n Balanced Beam Current Interlace (CRT 5037) 
D Graphics Compatible 



PIN CONFIGURATION 



A2£ 


1 "^46^ 


A3 t 


2 


39 ] 


CSC 


3 


38 ] 


R3[ 


4 


37 ] 


R2 [ 


5 


36 ] 


GND C 


6 


35 ] 


R1 C 


7 


34 ] 


R0 [ 


8 


33 ] 


DSC 


9 1 


1 32 ] 


csync 


10 


31 3 


VSYN C 


11 


30 ] 


DOC C 


12 ' 


' 29 ] 


Vdd c 


13 


28 ] 


Vcc C 


14 


27 ] 


HSYN C 


15 


26 ] 


CRV C 


16 


25 ] 


BLC 


17 


24 ] 


DB7C 


18 


23 ] 


DB6 C 


19 


22 ] 


DBS E 


20 


21 ] 



A1 

M) 

H0 

HI 

H2 

H3 

H4 

H5 

H6 

H7/DR5 

DR4 

DR3 

DR2 

DR1 

DR« 

DB0 

DB1 

DB2 

DB3 

DB4 



PACKAGE: 40-PlnD.I.P. 



n Split-Screen Applications 

Horizontal 

Vertical 
D Interlace or Non-lnterlace operation 
nTTL Compatibility 
D BUS Oriented 
n High Speed Operation 
u COPLAMOS*' N-Channel Silicon 

Gate Technology 
D Compatible with CRT 8002 VDAC™ 
n Compatible with CRT 7004 



GENERAL DESCRIPTION 

TheCRTVideoTimerandControllerChip(VTAC)*isauserprogrammable40-pinCOPLAMOS® nchannel MOS/LSI 
device containing the logic functions required to generate all the timing signals for the presentation and formatting of 
interlaced and non-interlaced video data on a standard or non-standard CRT monitor. 

With the exception of the dot counter, which may be clocked at a video frequency above 25 MHz and therefore not 
recommended for MOS implementation, all frame formatting, such as horizontal, vertical, and composite sync, characters 
per data row, data rows per frame, and raster scans per data row and per frame are totally user programmable. The data row 
counter has been designed to facilitate scrolling. 

Programming is effected by loading seven 8 bit control registersdirectly off an 8 bitbidirectionaldatabus. Four register 
address lines and achipselect line provide complete microprocessor compatibility for program controlled setup. The device 
can be "self loaded" via an external PROMtied on thedatabusasdescribedintheOPERATIONsection.Formattingcan also 
be programmed by a single mask option. 

In addition to the sevencontrol registers two additional registers are provided to store the cursor character and data 
row addresses for generation of the cursor video signal. The contents of these two registers can also be read out onto the 
bus for update by the program. 

Three versions of the VTAC® are available, The CRT 5027 provides non-interlaced operation with an even or odd 
number of scan lines per data row, or interlaced operation with an even number of scan lines perdatarow.The CRT 5037 
may be programmed for an odd or even number of scan lines per data row in both interlaced and non-interlaced modes. 
Programming the CRT 5037 for an odd number of scan lines per data row eliminates character distortion caused by the 
uneven beam current normally associated with odd field/even field interlacing of alphanumeric displays. 

The CRT 5057 provides the ability to lock a CRT's vertical refresh rate, as controlled by the VTAC's® vertical sync 
pulse, to the 50 Hz or 60 Hz line frequency thereby eliminating the so called "swim" phenomenon. This is particularly 
well suited for European system requirements. The line frequency waveform, processed to conform to the VTAC's® 
specified logic levels, is applied to the line lock input. The VTAC® will inhibit generation of vertical sync until a zero to 
one transition on this input is detected. The vertical sync pulse is then initiated within one scan lineafterthistransition 
rises above the logic threshold of the VTAC.® 

To provide the pin required for the line lock Input, the composite sync output is not provided in the CRT 505Z 
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Pin No. Symbol Name 



Description of Pin Functions 

Input/ 

Output Function 



25-18 DB0-7 Data Bus 



I/O 



39,40,1,2 A0-3 

9 DS 

12 DCC 

38-32 H0-6 

7,5,4 R1-3 

31 H7/DR5 



8 



R^ 



26-30 DR0-4 



17 
15 
11 
10 



BL 

HSYN 

VSYN 

CSYN/ 

LLI 



16 CRV 

14 Vcc 

13 Vdd 



Register 
Address 
Data Strobe 

DOT Counter 

Carry 

Character 

Counter Outputs 

Scan Counter 

Outputs 

H7/DR5 



Scan Counter LSB 



Data Row 
Counter Outputs 
Blank 

Horizontal Sync 
Vertical Sync 
Composite Sync O 
Line Lock Input 



Cursor Video 
Power Supply 
Power Supply 



utput/ 



O 

O 
0/1 



O 
PS 
PS 



Data bus. Input bus for control words from microprocessor or 

PROM. Bidirectional bus for cursor address. 

Signals criip that it is being addressea 

Register address bits for selecting one of seven control 

registers or either of the cursor address registers 

Strobes DB)2f-7 into the appropriate register or outputs the 

cursor character address or cursor line address onto the data bus 

Carry from off chip dot counter establishing basic character 

clock rate. Character clock. 

Character counter outputs. 

Three most significant bits of the Scan Counter; row select 
inputs to character generator. 
Pin definition is user programmable. Output Is MSB of 
Character Counter if horizontal line count (REG.0) is ^128; 
otherwise output is MSB of Data Row Counter. 
Least significant bit of the scan counter. In the inter- 
laced mode with an even number of scans per data row, 
R0 will toggle at the field rate; for an odd number of 
scans per data row in the interlaced mode, R0 will toggle 
at the data row rate. 
Data Row counter outputs. 

Defines non active portion of horizontal and vertical scans. 

Initiates horizontal retrace. 

Initiates vertical retrace. 

Composite sync is provided on the CRT 5027 and CRT 5037. 

This output is active in non-interlaced mode only. Provides a true 

RS-1 70 composite sync wave form. For the CRT 5057, this pin is 

the Line Lock Input. The line frequency waveform, processed to 

conform to the VTAC's® specified logic levels, is applied to this pin. 

Defines cursor location in data field. 

+ 5 volt Power Supply 

+ 1 2 volt Power Supply 



n 



3^ 



3^ 



0«»BUSDB»-7 3S-1B 



SYNCVHDTH 



F- 



'± 



xz: 



CURSOR HADoness 



counvwTon 



COMWUTOn 



CCUnUUTOR 



TT 



Al_ 



"V^ 



lOURSOnVHOOHESSU 




=G>-TO- 



s 




couHter flh- 




g 



CATA RCW |WI . Eh' , 

COUNTER r 



gE^fl^^ SCANSDCTA ROW 



EMTABU8 0e>-7 



in: 



2K 



*J-. LAST DATA ROW 



j^n 



n 



|14 |13 |6 



l|R1-3 

H7/Dns 



BLOCK DIAGRAM 
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Operation 

The design philosophy employed was to allow the device to interface effectively with either a microprocessor based or 
hardwire logic system. The device is programmed by the user in one of two ways; via the processor data bus as part of the 
system initialization routine, or during power up via a PROM tied on the data bus and addressed directly by the Row Select 
outputs of the chip. (See figure 4). Seven 8 bit words are required to fully program the chip. Bit assignments for these words 
are shown in Table 1 . The information contained in these seven words consists of the following: 



Horizontal Formatting: 
Characters/Data Row 



Horizontal Sync Delay 
Horizontal Sync Width 

Horizontal Line Count 
Skew Bits 



Vertical Formatting; 

Interlaced/Non-interlaced 



Scans/Frame 



Vertical Data Start 

Data Rows/Frame 
Last Data Row 

Scans/Data Row 



A 3 bit code providing 8 mask programmable character lengths from 20 to 132, 
The standard device will be masked for the following character lengths; 20, 32, 
40,64,72,80,96, and 132. 

3 bits assigned providing up to 8 character times for generation of "front porch". 

4 bits assigned providing up to 15 character times for generation of horizontal 
sync width. 

8 bits assigned providing up to 256 character times for total horizontal formatting. 

A 2 bit code providing from a to 2 character skew (delay) between the 
horizontal address counter and the blank and sync(horizontal,vertical,composite) 
signals to allow for retiming of video data prior to generation of composite video 
signal. The Cursor Video signal is also skewed as a function of this code. 

This bit provides for data presentation with odd/even field formatting for inter- 
laced systems. It modifies the vertical timing counters as described below. 
A logic 1 establishes the interlace mode. 

8 bits assigned, defined according to the following equations: Let X = value of 8 
assigned bits. 

1) in interlaced mode— scans/frame = 2X -r 513. Therefore for 525 scans, 
program X = 6 (000001 10). Vertical sync will occur precisely every 262.5 scans, 
thereby producing two interlaced fields. 

Range = 513 to 1023 scans/frame, odd counts only. 

2) in non-interlaced mode— scans/frame = 2X + 256. Therefore for 262 scans, 
program X = 3 (0000001 1 ). 

Range = 256 to 766 scans/frame, even counts only. 

In either mode, vertical sync width is fixed at three horizontal scans (= 3H). 

8 bits defining the number of raster scans from the leading edge of vertical 
sync until the start of display data. At this raster scan the data row counter is 
set to the data row address at the top of the page. 
6 bits assigned providing up to 64 data rows per frame. 

6 bits to allow up or down scrolling via a preload defining the count of the last 
displayed data row. 

4 bits assigned providing up to 1 6 scan lines per data row. 



Additional Features 

Device Initialization: 

Under microprocessor control— The device can be reset under system or program control by presenting a1 01 address 
on A3-!?. The device will remain reset at the top of the even field page until a start command is executed by presenting a1 1 10 
address on A3-?(. 

Via "Self Loading" — In a non-processor environment, the self loading^eguence is effected by presenting and holding the 
1111 address on A3-0, and is initiated by the receipt of the strobe pulse (DS). The 1111 address should be maintained long 
enough to insure that all seven registers have been loaded (in most applications under one millisecond). The timing 
sequence will begin one line scan after the 1 1 1 1 address is removed. In processor based systems, self loading is initiated by 
presenting the 01 1 1 address to the device. Self loading is terminated by presenting the start command to the device which 
also initiates the timing chain. 

Scrolling — In addition to the Register 6 storage of the last displayed data row a "scroll" command (address 1011) 
presented to the device will increment the first displayed data row count to facilitate up scrolling in certain applications. 
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Horizontal Line Count: 
Characters/Data Row: 



Horizontal Sync Delay: 
Horizontal Sync Width: 

Skew Bits 



Scans/ Frame 



Vertical Data Start: 

Data Rows/ Frame: 
Last Data Row: 

Mode: 

Scans/ Data Row: 



Control Registers Programming Chart 

Total Characters/ Line = N + 1 , N = to 255 (DBO = LSB) 
DB2 DB1 DBO 

= 20 Active Characters/ Data Row 

u u I — 32 






1 





= 40 





1 


1 


= 64 


1 








= 72 


1 





1 


= 80 


1 


1 





= 96 


1 


1 


1 


= 132 



= N, from 1 to 7 character times (DBO = LSB) (N = Disallowed) 

= N, from 1 to 1 5 character times (DBS = LSB) (N = Disallowed) 

Sync/Blank Delay Cursor Delay 



DB7 DB6 



1 

1 

1 1 



(Character Times) 



8 bits assigned, defined according to the following equations: 
Let X = value of 8 assigned bits. (DBO = LSB) 

1) in interlaced mode-scans/frame = 2X + 51 3. Therefore for 525 scans, 
program X = 6 (000001 10). Vertical sync will occur precisely every 262.5 
scans, thereby producing two interlaced fields. 

Range = 513 to 1023 scans/frame, odd counts only. 

2) in non-interlaced mode— scans/frame = 2X + 256. Therefore for 262 
scans, program X = 3 (0000001 1 ). 

Range = 256 to 766 scans/frame, even counts only. 

In either mode, vertical sync width is fixed at three horizontal scans ( = 3H). 

N = number of raster lines delay after leading edge of vertical sync of 

vertical start position. (DBO = LSB) 

Number of data rows = N + 1, N = 0to63 (DBO = LSB) 

N = Address of last dsplayed data row, N = to 63, ie; for 24 data rows, 

program N = 23. (DBO = LSB) 

Register, 1,DB7 = 1 establishes Interlace. 

Interlace Mode 
CRT 5027: Scans per Data Row = N + 1 where N = programmed number of 
scans/data rows. N = to 15. Scans per data row must be even counts only. 

CRT 5037, CRT 5057: Scans per data Row = N +2. N = 0to14,oddoreven 
counts. 

Non-1 nterlace Mode 
CRT 5027, CRT 5037, CRT 5057: Scans per Data Row = N + 1 , odd or 
even count. N = to 15. 
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10 11 



Register Selects/Command Codes 

Description 



A3 


A2 


A1 


ACf 


Select/Command 














Load Control Register 











1 


Load Control Register 1 








1 





Load Control Register 2 








1 


1 


Load Control Register 3 





1 








Load Control Register 4 





1 





1 


Load Control Register 5 





1 


1 





Load Control Register 6 





1 


1 


T 


Processor rnitiatea Self Load 


1 











Read Cursor Line Address 


1 








1 


Read Cursor Character Address 


1 





1 





Reset 



Up Scroll 



See Table 1 



Command from processor Inslructlng 
VTAC® to enter Self Load Mode (via ex- 
ternal PROM) 



Resets timing chain to tog left of page. Reset 
is latched on chip by DS and counters are 
held until released by start command. 
Increments address of first displayed data 
row on page, ie; prior to receipt of scroll 
command — top line = 0, bottom line = 23. 
After receipt of Scroll Command — top line = 
1, bottom line = 0. 



1 


1 








Load Cursor Character Address 


1 


1 





1 


Load Cursor Line Address* 


1 


1 


1 





Start Timing Chain 



1111 



Non-Processor Self Load 



Receipt of this command after a Reset or 
Processor Self Load command will release 
the timing chain approximately one scan line 
later. In applications requiring synchronous 
operation of more than one CRT 5027 the 
dot counter carry should be held low during 
the DS for this command. 
Device will begin self load via PROM 
when DS goes low. The 1111 command 
should be maintained on A3-0 long 
enough to guarantee self load. (Scan 
counter should cycle through at least 
once). Self load is automatically termi- 
nated and timing chain initiated when the 
all "1's"_condition is removed, indepen- 
dent of DS. For synchronous operation 
of more than one VTAC®, the Dot Counter 
Carry should be held low when the com- 
mand is removed. 



' NOTE: During Self-Load, the Cursor Character Address Register (REG 7) and the Cursor Row Address 

Register (REG 8) are enabled during states 01 1 1 and 1 000 of the R3-R0 Scan Counter outputs respectively. 
Therefore, Cursor data in the PROM should be stored at these addresses. 



TABLE 1 



HORIZONTAL LINE COUNT 



BIT ASSIGNMENT CHART 

SKEW BITS DATA ROWS/FRAME 



REG^ 



REG 3 7 



SCAN LINES/FRAME 



REG 1 1 7 I 6 I I I 3 I 2 I I ef I REG4[7| 



SCANS/DATA ROW CHARACTERS/DATA ROW 
REG 2 



VERTICAL DATA START 





f' If -1 




1- 1 . 




6 






3 


2 




^ 


REG 5 


7 


_ 




_ 


_ 


_ 


_ 


A 



LAST DISPLAYED DATA ROW 



1 5 




n 


I-. 




CURSOR CHARACTER ADDRESS 



I I I0I ^^^ At\ I I I I 



CURSOR ROW ADDRESS 



5 
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AC TIMING DIAGRAMS 

FIGURE 1 VIDEO TIMING I I 




FIGURE 3 SCAN AND DATA ROW COUNTER TIMING 



RIZS-3 
DRJ2I-5 



Tdel 3*- 



)C 



*R0-3andDR0-5 may change prior to the failing edge of H sync 



CRT 5057 LINE LOCK 



Ifi7 I ORir, ' I 




Note: To ensure 
a stable display when 
using the line lock 
mode, the CRT 5057 
should be used with DC 
coupled monitors only. 
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MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range 0°C to - 70=C 

Storage Temperature Range - 55°C to ^ 1 50°C 

Lead Temperature (soldering, 10 sec.) ^325°C 

Positive Voltage on any Pin, with respect to ground - 1 8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

''Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AG power is switched on and off. 
tnaddfti<>fTrVGttagetfanstente^fvtl^ AG^povrer l4fTOf^ appear or the DCotrt^t For exampie^ ttie 
bench power supply programmed to deliver +12 volts may have large voltage transients when the 
AG power is switched on and off. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta=0=C to 70°C, Vcc= +5V = 5%, Vdd= + 1 2V-5%, unless otherwise noted) 



Parameter 



Min. 



Typ. 



Max. 



Unit 



Comments 



D.C. CHARACTERISTICS 

INPUT VOLTAGE LEVELS 

Low Level, Vil 

High Level, Vih 
OUTPUT VOLTAGE LEVELS 

Low Level— Vol for R!2r-3 

Low Level — Vol all others 

High Level— VoH for R0-3, DB0-7 

High Level — Voh all others 
INPUT GURRENT 

Low Level, Iil (Address, GS only) 

Leakage, Iil (All Inputs except Address, GS) 
INPUT CAPACITANGE 

Data Bus, Gin 

DS, Glock, Gin 

Another, Gin 
DATA BUS LEAKAGE in INPUT MODE 

Idb 
POWER SUPPLY GURRENT 

Ice 

Idd 
A.C. CHARACTERISTICS 
DOT GOUNTER GARRY 

frequency 

PWh 

PWl 

tr,tf 
DATA STROBE 

PWds 
ADDRESS, GHIP SELECT 

Set-uptime 

Hold time 
DATA BUS— LOADING 

Set-uptime 

Hold time 
DATA BUS— READING 

TdEL2 

Tdel4 
OUTPUTS 
GS-Tdel 



Vcc- 



OUTPUTS 

TdEL3 



H!2f-7, HS, VS, BL, GRV, 
R(?-3, DR0-5 







0.8 


V 




-1.5 




Vcc 


V 








0.4 


V 


loL=3.2ma 






0.4 


V 


loL =1.6ma 


2.4 








\0H=8Qfj.a 


2.4 








loH=40|aa 
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f.A 


V,, = 0.4V 






10 


;xA 


0<ViN<Vcc 




10 


15 


pF 






25 


40 


PF 






10 


15 


pF 








10 


mA 


0.4V ^ViN^ 5.25V 




80 


100 


mA 






40 


70 


mA 


Ta= 25^C 


0.5 




4.0 


MHz 


Figure 1 


35 






ns 


Figure 1 


215 






ns 


Figure 1 




10 


50 


ns 


Figure 1 


150ns 




IOmS 




Figure 2 


125 






ns 


Figure 2 


50 






ns 


Figure 2 


125 






ns 


Figure 2 


75 






ns 


Figure 2 






125 


ns 


Figure 2, GL=50pF 


5 




60 


ns 


Figure 2, GL=50pF 






125 


ns 


Figure 1,GL=20pF 


* 




750 


ns 


Figure 3, GL=20pF 




''R0-3 and DR0-5 may change prior to the falling edge of H sync 



Restrictions 

1 . Only one pin is available for strobing data into the device via the data bus. The cursor X and Y coordinates are therefore 
loaded into the chip by presenting one set of addresses and outputed by presenting a different set of addresses. Therefore 
the standard WRITE and READ control signals from most microprocessors must be 'NORed" externally to present a single 
strobe (DS) signal to the device. 

2. In interlaced mode the total number of character slots assigned to the horizontal scan must be even to insure that vertical 
sync occurs precisely between horizontal sync pulses. 
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HORIZONTAL TIMING 



General Timing 



_J~~L 



.START OF LINEN 



START OF LINE N+1 _ 



r~L 



yrrm 



ACTIVE VIDEO= 
CHARACTERS PER DATA LINE " 



M^ 



HORIZONTAL SYNC DELAY . 
(FRONT PORCH) 



vr 



HORIZONTAL SYNC WIDTH 
HORIZONTAL LINE COUNT= H 



VERTICAL TIMING 

START OF FRAME M OR ODD FIELD 

!-■ SCAN LINES PER FRAME- 



START OF FRAME M+ 1 OR EVEN FIELD 



-S~\ 1/////////////777777//////////// n ^777 



VERTICAL DATA 
START 



ACTIVE VIDEO= 
DATA ROWS PER FRAME 



^ 



VERTICAL SYNC 
= 3H 



y Composite Sync Timing 

"- n n n n 



VOH 

VSYNC 



VOH 



COMPOSITE 
SYNC , , 

Vol 



OJ L^J'^^^^J 



^ 



Vertical Sync Timing 






2 4 6 8 



)W — I 



DATA ROW COUNTER 
MAINTAINS LAST COUr 
DURING V BLANK 



X 



0-^ 7 



3-^ 23] 



VERTICAL DATA START SCAN = iREGSI 



JLlLLlliJlilllliiliJULJLr^ nillllllillllilllllll 

rn 



EXAMPLE BASED ON I 



Start-up, CRT 5027 

When employing microprocessor controlled loading of the CRT 5027's registers, the following se- 
quence of instructions is necessary: 



ADDRESS 

1110 
10 10 




COMMAND 

Start Timing Chain 

Reset 

Load Register 



110 Load Registers 

1110 Start Timing Chain 

The sequence of START RESET LOAD START is necessary to insure proper initialization of the 
registers. 

This sequence is not required if register loading is via either of the Self Load modes. This sequence 
is optional with the CRT 5037 or CRT 5057. 



SIANDARD Min?n^iY^ I tM^ circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
r-*'<n.r^fMrii!i,iiV r*^^^ ' *•' ' "-'"^ tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
vAJI\r<JI\MI lUlM id^S^^^^^^B information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
■JIJ^I^ assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
sioOT-aess devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 



250 



SIANDARD MICROSYSTEMS 



CRT 5047 

(MPC FAMILY 



Preprogrammed CRT Video Timer and Controller 

VTAC® 



FEATURES 

D Preprogrammed (Mask-Programmed) Display Format 
80 Characters Per Data Row 
24 Data Rows Per Frame 
9 Scan Lines Per Data Row 

D Preprogrammed Monitor Sync Format 
262 Scan Lines Per Frame 
6 Character Times for Horizontal Front Porch 
8 Character Times for Horizontal Sync Width 
6 Character Times for Horizontal Back Porch 
16 Scan Lines for Vertical Front Porch 
3 Scan Lines for Vertical Sync Width 
27 Scan Lines for Vertical Back Porch 
Non-1 nteriace 

15.720KHZ Horizontal Scan Rate 
60Hz Frame Refresh Rate 

D Fixed Character Rate 

1.572MHz Character Rate (636.13ns/Character) 
11.004MHz Dot Rate (90.88ns/Dot) for 7 Dot 
Wide Character Block 

n Character Format 

5X7 Character in a 7 X 9 Block 
D Compatible with CRT 8002B-003 VDAC™ 
n Compatible with CRT 7004B-003 
D May be mask-programmed with other display formats 



PIN CONFIGURATION 



A2 C 
A3 C 
CS C 
R3 C 
R2 C 
iND C 
R1 C 
RO C 
DS C 

:• 
c- 

Ci 
Ci 

m 

Ci 

Ci 



CSYN 

VSYN 

DCC 

Vdd 

Vcc 

HSYN 

CRV 

BL 

DB7 

DB6 

DBS 



-^7" 



:ai 

2 AB 

3 Hfl 
2 HI 
2 H2 
2 H3 

34 ;] H4 
33 3 H5 



□ 32 3 
30 D 
29 1 



28 3 

27 2 

26 2 

25 : 

24 2 

23 ] 

22 2 

21 2 



H7/DR5 

DR4 

DR3 

DR2 

DR1 

DRa 

DBS 

DB1 

DB2 

DBS 

DB4 



PACKAGE: 40-pin D.I. P. 



GENERAL DESCRIPTION 



The two chip combination of SMC's CRT 5047 and 
CRT 8002B-003 effectively provide all of the video elec- 
tronics for a CRT terminal. This chip set along with a 
/jC form the basis for a minimum chip count CRT 
terminal. 

The CRT 5047 Video Timer and Controller is a special 
version of the CRT 5037 VTAC® which has been ROM- 
programmed with a fixed format. It is especially effective 
for low-cost CRT terminals using an 80 X 24 display 
format with a 5 X 7 character matrix. The use of a fixed 
ROM program in the CRT 5047 eliminates the software 
overhead normally required to specify the display 
parameters and simplifies terminal software design. 
The Cursor Character Address Register and the Cursor 
Row Address Register are the only two registers acces- 



sible by the processor. The CRT 5047 is easily initialized 
by the following sequence of commands: 

Reset Load Control Register 6 Start Timing Chain 



The parameters of the CRT 5047 have been selected to 
be compatible with most CRT monitors. The horizontal 
timing is programmed so that when the two character 
skew delay of the CRT 8002 VDAC" is taken into account, 
the effective timing is: Horizontal Front Porch — four 
characters, and Horizontal Back Porch— eight characters. 

Figure 1 shows the contents of the internal CRT 5047 
registers. Other mask-programmed versions of the CRT 
5037 are available. Consult SMC for more information. 
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VTAC® WORK SHEET 



9 



60 



1. H CHARACTER MATRIX (No. of Dots): 

2. V CHARACTER MATRIX 
(No. of Horiz. Scan Lines): 

3. H CHARACTER BLOCK (Step i + 
Desired Horiz. Spacing = No. in Dots): 

4. V CHARACTER BLOCK (Step 2 + 
Desired Vertical Spacing = No. in 
Horiz. Scan Lines): 

5. VERTICAL FRAME (REFRESH) RATE 
(Freq. in Hz): 

6. DESIRED NO. OF DATA ROWS: -?± 

7. TOTAL NO. OF ACTIVE "VIDEO 
DISPLAY" SCAN LINES (Step 4 x 
Step 6 = No. in Horiz. Scan Lines): . . , 

8. VERT. SYNC DELAY (No. in Horiz. 
Scan Lines): 

9. VERT. SYNC (No. in Horiz. Scan Lines; 
T= 190.8 //s*): 

10. VERT SCAN DELAY (No. in Horiz. 
Scan Lines; T=JiZ18_ms*): 



216 



16 



11. TOTAL VERTICAL FRAME (Add steps 
7 thru 10 = No. in Horiz. Scan Lines): . 

12. HORIZONTAL SCAN LINE RATE 



262 



15.720 



27 



13. DESIRED NO. OF CHARACTERS 

PER HORIZ. ROW: 

14. HORIZ. SYNC DELAY (No. in Character 
Time Units; T =J:817/is**): 

15. HORIZ. SYNC (No. in Character Time 
Units; i = 5.090 //s**): 

16. HORIZ. SCAN DELAY (No. in Character 
Time Units; T = 3.817 /js**): 

17. TOTAL CHARACTER TIME UNITS IN (1) 
HORIZ. SCAN LINE (Add Steps 13 

thru 16): 

18. CHARACTER RATE (Step 12 x Step 17 

= Freq. in MHz): 

19. CLOCK (DOT) RATE (Step 3 x Step 18 

= Freq. in MHz): 

*Vertical Interval "Horizontal Interval 



80 



100 



1.572 



11.004 



REG. 


ADDRESS 
# A3 AO 


FUNCTION 




BIT ASSIGNMENT 




HEX. 


DEC. 


0000 

1 0001 

2 0010 

3 0011 

4 0100 

5 0101 

6* 0110 

'Register 6 has an initializ 
The "Up Scroll" commar 


HORIZ. LINE COUNT. 

IMTFRI Ar^F 

H .«?YNr. WIDTH 8 


100 
9 






63 

46 
45 
17 
03 

1E 


99 

70 
69 
23 
03 

30 





1 


1 











1 


1 









1 











1 


1 





H .^YNP. nPI AY 6 


SCANS/DATA ROW 






X 


1 











1 





1 


CHARACTERS/ROW _ 

SKEW CHARACTERS . 
RATA Rnw.«? 24 

SnAN.«;/FRAMF 262 

y= 3 


80 
0,0 

T 

^J DELAY: 

A ROW 

the data contain 
ailing operations 

Mask Program 















1 





1 


1 


1 





















1 


1 


VERTICAL DATA STAR 
= 3 + VERTICAL SCAf 
SCAN DELAY 27 
DATA .^TART 30 






"ojo 





1 


1 


1 


1 





LAST DISPLAYED DAT 
/— RATA on^A/Q^ 

ation option. It is loaded with 
d can be used to effect scr 

Figure 1: CRT 5047 






X 1 X 1 


1 




ed in Register 3 by a "Load 
med Registers 


Res 


ister6" command. 



gg^g^DgJgROSVS^B 



Circuit diagrams utilizing SMC products are Included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information fias been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not conveytothe purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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CRT 7004 

fJLPC FAMILY 



Dot Matrix Character Generator 

128 Characters of 7 x 11 Bits 



FEATURES 

D On chip character generator (mask programmable) 
128 Characters 
7x11 Dot matrix block 








PiN CONFIGURATION 


n On chip video shift register 








Maximum shift register frequency 
CRT 7004A 20MHz 


NC 1 C 
SO 2 C 


w 


2 24 GND 
2 23 PE 


CRT7004B 15MHz 
CRT7004C 10MHz 
Access time 400ns 
D No descender circuitry required 


Vcc 3C 
LS 4C 
PRST 5 [; 
LI 6 c 
CLR 7 C 
L2 8 C 




: 22 NC 
2 21 VDC 

2 20 CUR 

3 19 AS 




n On chip cursor 

D On chip character address buffer 

D On chip line address buffer 




2 18 LCI 
2 17 A7 


L4 9 r 




3 16 A6 


D Single +5 volt power supply 


L8 10 C 




2 15 A5 


DTTL compatible 

n MOS N-channel silicon-gate COPLAMOS® process 

D CLASP® technology -ROM 


A1 11 C 
A2 12 C 




2 14 A4 
: 13 A3 








D Compatible with CRT 5027 VTAC® 


PACKAGE: 24-Pin D.LP. 


n Enhanced version of CG5004L-1 






GENERAL DESCRIPTION 

SMC's CRT 7004 is a high speed charac- 
ter generator with a high speed video 
shift register designed to display 1 28 
characters in a 7 x 11 dot matrix. The 
CRT 7004 is an enhanced, pin for pin 
compatible, version of SMC's CG5004L-1 . 
It is fabricated using SMC's patented 
COPLAMOS® and CLASP® technologies 
and employs depletion mode loads, 
allowing operation from a single + 5v 
supply. This process permits reduction of 
turn-around time for ROM patterns. 
The CRT 7004 is a companion chip to 
SMC's CRT 5027 VTAC®. Together these 
two chips comprise the circuitry required 
for the display portion of a CRT video 
terminal. 



FUNCTIONAL BLOCK DIAGRAM 



Address 
Strobe 



Character \ 
Address ,/ 

Lower Case_ 
Inhibit 
Cursor- 



Parallel 
Enable 

CiOCK 

Preset 
Clear 
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MAXIMUM GUARANTEED RATINGS'^ 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°C to + 1 50°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground + 8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 

cortinnc nf thi?; snprifiratinn ic; nnt imnlipd 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= + 5V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 
Low-level, V.l 
High-level, V,h 


2.0 




0.8 


V 
V 


excluding VDC 
excluding VDC 


INPUT VOLTAGE LEVELS-CLOCK 
Low-level, V,,. 
High-level, V,h 


4.3 




0.8 


V 
V 


See AC Timing Diagram 


OUTPUT VOLTAGE LEVELS 
Low- level, Vql 
High-level, Vqh 


2.4 




0.4 


V 
V 


lou=0.4mA,74LSXXIoad 
loH=-20AtA 


INPUT CURRENT 
Leakage, !l 






100 
10 




ViN = 0, LS, AS, A1-A7, Cursor LCI 
O^V.N^Vcc, All others 


INPUT CAPACITANCE 
Data 
PE 
CLOCK 




10 
20 
25 




PF 
PF 
pF 


@1MHz 
@1MHz 
@1MHz 


POWER SUPPLY CURRENT 
'cc 




100 




mA 





SYMBOL 


PARAMETER 


CRT 7004A 


CRT 7004B 


CRT 7004C 


i 

UNITS 1 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


VDC 


Video Dot Clock Frequency 


1.0 


20 


1.0 


15 


1.0 


10 


MHz 


PWh 


VDC -High Time 


13.5 




21 




36 




ns 


PWl 


VDC — Low Time 


13.5 




21 




36 




ns 


tcvAS 


Address strobe to PE high 


400 




533 




800 




ns 


tcyLS 


Line strobe to PE high 


1.0 




1.0 




1.0 




MS 


tr,t, 


Rise, fall time 




10 




10 




10 


ns 


t, 


PE set-up time 


5 




20 




20 




ns 


t2 


PE hold time 


15 




15 




15 




ns 


ASpw 


Address strobe pulse width 


50 




50 




50 




ns 


LSpw 


Line strobe pulse width 


50 




50 




50 




ns 


W-UP 


Input set-up time 


^0 




^0 




^0 




ns 


tnOLD 


Input hold time 


15 




15 




15 




ns 


tpd„ tpdo 


Diiti-Mit nrnpianatinn rJAJau 




45 




60 




on 


- 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL [ NAME 


FUNCTION 


1 


NC i No Connection 




2 


SO Serial Output 


The output of the dynamic shift register is clocked out 
on this pin. The serial input to this shift register is 
internally grounded; thus zeros are shifted in while 
data is shifted out. 


3 


Vcc Power Supply 


+ 5 volt supply 


4 LS Line Strobe 

■ 

1 1 


A positive pulseon this input enters data from the LI , 
L2, L4, L8 lines into the line address holding register. 
The LS input may be left open, in which case it is pulled 
up to Vcc by an internal resistor. Data on the LI to L8 
inputs is then entered directly into the register without 
any latching action. 


5 I PRST Preset 


A high level on this input forces the last stage of the 
shift register and the serial output to a logic high. 


6,8,9,10 L1,L2, 
L4, L8 


Line Address 


A binary number N, on these four inputs address the Nth 
line of the character font for N = 1—11. If linesO, 12, 13, 
14 or 15 are addressed, the parallel inputs to the shift 
register are all forced low. 


7 


CLR 


Clear 


A high level on this input forces the last stage of the shift 
register and the serial output to a logic low and will be 
latched (for a character time) by PE. Clear overrides 
preset. 


11-17 


A1-A7 Character Address 


The seven-bit word on these inputs is decoded internally 
to address one of the 128 available characters. 


18 j LCI Lower Case Inhibit 


A high level on this input transforms the address of a 
lower case character into that of the equivalent upper 
case character. This is internally achieved by forcing 
A6 low whenever A7 and LCI are high. 


19 AS Address Strobe 

1 i 


A positive pulse on this input enters data from the A1-A7, 
LCI and CUR inputs into the holding register. The AS 
input may be left open, in which case it is pulled up to 
Vcc by an internal resistor. The data on the A1-A7, LCI 
and CUR Inputs is then entered directly into the register 
without any latching action. 


20 


CUR Cursor* 


A high level on this input causes the cursor pattern to be 
superimposed on the pattern of the character addressed, 
i.e., the two patterns are OR-ed to generate the parallel 
inputs to the shift register. The standard cursor is 
presented as a double underscore on rows 10 and 1 1 . 


21 CLK Clock 


Frequency at which video (SO) is shifted. 


22 


NC No Connection 




23 


PE Parallel Enable 


A high level on this input loads the word at the output of 
the ROM into the shift register. The PE input must then 
be brought low again to allow the shift register to clock 
out this word. 


24 


GND Ground 


Ground 



CLK 
PE 






X 




4.3v 

> 0.8v 

2.0v 


'^^V_^~^ 


\ 






y" X_ 


AS 


s \ — 




i< 




H 


2.0v 


1 




\/ 




A1-A7,CUR 
LCI 

SO (Video 


) ) 




\ 


^;: 


^^^^^^^^^^^^^M^^^^mm^ 










•stT.UP 




-H'" 


.0 H- 

2.4v 
0.4v 




X 






AC TIMING DIAGRAM 
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4>-H 



I WV-H' 



74160 
DOT 
COUNTER 



CHARACTER CLOCK 



BI-DIRECTIONAL DATA BUS 



VIDEO DOT- 
CLOCK 




INTERRUPT 

TOmP 

(TO UPDATE 

DATA IN RAM) 



H 



RAM & ROM 
(FOR nP) 



ADDRESS bus" 4 



:5t=;; 



PAGE 
LOGIC 



CHIP SELECT 



DATA STROBE 



IZ. 



<^ 



6 CHARACTER ROW 



CHARACTER 

ADDRESS 

BUS 



nB«-7 

A0-3 

CS 

DS 

H0-7 

DR0-5 



IZ. 



SELECTOR 

WITH 
OPTIONAL 
MEMORY 
MAPPING 
CIRCUIT 
(IF REQUIRED) 



l 



•2-PORT RAM 

1Kx8T0 4Kx8 

CHARACTER 

FRAME 

BUFFER 



DATA 
BUS 






HORIZ. SYNC 



SYNC 
BLANKING 



RASTER 

SCAN 

COUNTER 



BLANKING 
SERIAL 



•OR 1 PORT RAM 
WITH BI-DIRECT 
PORT 



TIMING 

FROM 

DOT COUNTER 

OR 

CHARACTER 

CLOCK 



CRT 5027 VTAC 

CRT 7004 VDAC 

xP CONFIGURATION 





\^A4. A1 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 




A7..A5 ^\ 


C6,..C0 


C6...C0 


C6...C0 


C6...C0 


C6,..C0 


C6...CXI 


C6.,.C0 


C6...C0 


C6...C0 


C6,.,C0 


C6,..C0 


C6...C0 


C6...C0 


C6.,.C0 


C6...C0 


C6...C0 




000 








ggg: gg 

■In ■■ 


gggggg: 
gggggg: 

aoaoaoB 

DDDDaDB 


ggl:ggg 

nnaaoao 

□DDBOOn 

□noaoaa 


:ggggs 
:ggggs 

iggggg 


ggggggg 

ggggggg 
oaoDBoa 
nnDHnnc 


Sgggggg 

ggggggg 


gg||g 

gill 


ggggggg 
ggggggg 

ggggggg 
ggggggg 


DDDDDaD 

ggggggg 
ggggggg 
ggggggg 


:gg:gg: 
:gg:gg: 

gggiggg 


BnGBGOB 

ggg:ggg 
gggiggg 

gggiggg 


gg ggg 

BG DGG 

gggggg 
ggggggg 


ODBBBOO 

aaoDDBD 

:ggggg: 
:ggggg: 
g:ggg:g 

igggggi 


g||| 

igggggi 
igggggg 


isssss: 
sgggggg 


■gggggg 

Igggggg 

ooooooo 


gggg gg 


ggggggg 


001 


fli 

R11 


:l§§i§: 
[III: 


nBOHOHD 

■anHGDB 

■DDDDDS 

illi 


:§§: g; 

■coaoca 
aaaaaaa 

ggggggg 


iggii: 
5gg:ggg 
ggggggg 


□aaaoaa 
OQaaaDo 

ggggggg 


ggggggg 
ggggggg 
ggggggg 
ggggggg 
ggggggg 


g gggag 

g ggg:g 

g gggjg 

g iigg 


DGOnODB 

ODnnooa 


ggggggg 
aaanaan 

DDBoana 


giilg 

DOBBBOG 


iii'g 
ggggggg 
ggggggg 
ggggggg 


igggggi 
:ggggg: 
ggggggg 


iggiggi 

aaaaaQB 

BOGOGGB 

:ggggg: 


"gggggi 
ggggg: 
gg:gg: 
gs:gs: 

GGGGGG 
GOGGGaG 


:ggggg: 

BoaoDafl 

BDOBBBB 

:gg:gg: 
ggggggg 


:gg:gg: 

■OQBUaB 
BOOBOGB 

:ggggg: 
:ggggg: 
ggggggg 


010 


R11 


nil 

i§§§§B 


ODDBGDD 

iliiggg 

ggggggg 
ggggggg 


nil 

illi 

DDDDDPO 


gigggii 
gllili 


gg§:ggg 
siiig 


ggggggg 
ggggggg 

ggggggg 
ggggggg 


ggggggg 
ggggggg 

ggggggg 


ggggggg 
ggggggg 
ggggggg 
ggggggg 


DDBDDDD 
DOBDDOD 


Illi 

ggggggg 
ggggggg 


gggiggg 


Ilig 


ggggggg 
gggg:gg 


giggggg 
ggggggg 
ggg ggg 


iiiiili 
ggggggg 
ggggggg 

igggggi 


ggiiiii 


GoaaaoG 

ggg:ggg 
ggggggg 


Illi 


oil 


R1 
R11 


aammmaa 

:g§§gg 
:gggg§ 

igggg^ 


igslg 

ig:g§g 
ggggggg 


gggggg: 
ggggggg 

ggggggg 


auammmc 

°SSHHS! 
DODnnoH 
■anoDcii 

DDDaaO!: 
anaaana 


giilg 

gggggig 
ggggggg 


:gggggg 

:gggggg 

gggggl: 
ggggggg 


pgggg 

igggggg 

gggii 


ggggggi 

ggggggg 
ggggggg 

sgggggg 


OBBaaBO 
BDGDDGB 

ggggggg 

gill 


:ggggg; 
gggggg: 

ilig 
ggggggg 


gi;:i 
ggggggg 

GOGDaOD 

ggg::gg 
ggggggg 


ggggggg 
ggggggg 

ggggggg 

GGOBBGG 

aoaaaaa 


ggggggg 
ggggggg 

aaoBGaG 
□Goaaaa 


ggg ggg 
ggg ggg 
ggggggg 


ggggggg 

aDDGBDa 

oaoBGaG 

□GGGaOD 


fllgg 


100 


R1 
R11 


amoaam 

■DOBDO 


:g§ggg: 
iliiiii 


gggggg 
gggggg 


ggggggg 

iiiig 
ggggggg 


:||g: 

BOODOOB 
ioDDOBD 


igggggg 
■gggggg 
■■■■■■■ 


igggggg 

BBBaaDD 

iggili 
ggggggg 


ggggggg 

igggggi 
ggggggg 


DQOOO 

ggggg 
ggggg 


DDDBogg 

iggiggg 

aggagGD 

liiggg 
ggggggg 


giilg 
ggggggg 


BBGBGGD 
aDGGGBO 

ggggggg 


igggggg 
igggggg 

iaaaana 


igggggi 
:gg:gg: 

BGGGGOB 
BOGOOGB 


:ggggg: 
:ggggg: 

iliggii 

ggggggg 


illgi 


101 


R1 
R11 


iggggg 
;gggggg 


III: 
:|g|: 

ggggggg 


■BBBBBn 

BDDDBOa 
BDaDDDB 


ggggggg 
:gggggE 
ggggggs 
gggggg: 
ggggggg 


§g§:gg§ 
ggggggg 


igggggi 
igggggi 

gigig 


ggggggg 
ggggggg 
ggggggg 


:ggggg: 
:ggggg: 
:ggggg: 

BDOBDDB 

nnapoDD 


ggggggg 
ggggggg 

:ggsgg: 
ggggggg 


:ggggg: 
ggggggg 

gggiggg 
Ilig 


■■■■■■■ 

ODuaaBD 

ggggggg 
Sgggggg 
ggggggg 


iigggg 
gg:gggg 
gg:gggg 
gg:g£gg 
ggggggg 


Sgggggg 

ggggggg 

HHSSSaS 

DDaDBDD 
DDnDDHD 

|||g 


OGBBBOD 

gggg:gg 
ggggggg 

nil 

DDGGDaO 


Illi 
iiiggii 


iiiiggg 
ggggggg 
ggggggg 


,10 


R1 
R11 


Sgggggg 

ggggggg 
ggggggg 

□DDDOnC 

oDaooac 


ggggggg 
ggggfl 


■onDnan 

igggggg 
:ggggg: 

■■naQBD 


gggii 

BDDDDDa 
BDDDDDa 

nDDDODD 


gggggg: 
gggggg: 

gggggg: 
ggggggg 


sllgg 
Illi 


aas2 SH 

aoam dd 

gggi g§ 

DGDBoaa 

DDDB no 

noDnDDQ 
anoDDno 


iggggg 
giggggg 
ggggggg 


igggggg 
:gggggg 
:gssg:g 

ggggggg 


ggggggg 

DgOBDna 

ggg:ggg 

ggggggg 


gggg gg 
gggg gg 


BGGBGOQ 

igggggg 
:gggggg 


ggg:ggg 
ggg:ggg 

GGGBGGO 

GDaaaaa 
oooaaoG 

iigggg 


GGOGOaO 

ggggggg 

:gg:gg: 
:gg:gg: 

|||g 


ggisgii 

gigggii 
iiiiiig 
ggggggg 


ggggggi 
igggggi 
ggggggg 


111 


R11 


DDDaoaa 

ODDDaOD 

:sggggg 

■OODDDB 

III! 


ggggggg 
gggggg: 

igii: 

gggggg: 


DHaHHBD 
DIBGDOU 

g:ggggg 

|g|| 


ggggggg 
ggggggg 

ggggggg 

ggggggg 


gggSggg 

oDaBoan 

ggg:ggg 

Hi 


§:g§gg: 

gigggii 
gggggg: 


DQDDDPD 

iill 
ggggggg 

ggggggg 


:gg:i: 
iggiggi 

BaOBOBB 

ggggggg 


ggggggg 
ggggggg 
ggggggg 

ggggggg 


ggggggg 

:ggggg: 
ggggggg 
ggggggg 


ggggggg 
g||| 
ggggggg 


giigggg 
°g5igg° 
ggggggg 

DODOGDD 


ggg:ggg 

ggiggig 
ggggggg 

|||g 


iipig 
ggggggg 
igggggg 


iggiggi 

GGBOGOB 

Sgggggg 

ogaDGGD 
napGOGo 


ggggggg 
ggggggg 



^CONSULT FACTORY FOR CUSTOM FONT AND CURSOR OPTION. 
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12 3 4 5 6 7 1/82/1 



CLOCK 



jirmjifmnimrLTLTLJiniinjiJ^^ 



mil 



\CH\ Ta 



m 



n^j 



^^^ ^^r^> ^?^^ r^ ^^^^ r^> ^^^^ <ro ^^^^ <r^ ^^^x r^ 



7!,°0T F,I?D bno^%1o^^lo^^c^-|o^^b^lo^^b^b^lo-1o-^b^l^;^^^ 



8'd°ot F°,I?D L5^^lo^^UHA.4s^1c^^|BF|c^^lc^^lc^^lc^^[c^^lo^ic^^|BF|o^^| - *- 



b^lc?.^b^b^^ 



BF = Back Fill 



TYPICAL VIDEO OUTPUT 



74SXX 



CP 




500<> 



CLK(tochip) 



LOAD/SHIFT 



CLK Q 

74S74 
D 



PE (to chip) 



NOTE 


The differences between the CRT 7004 and CG5004L-1 are detailed below: 


CG5004L-1 


CRT 7004 


1 . If both the Preset and Clear inputs are 
brought high simultaneously the Serial 
Output is disabled and may be wire-ORed. 

2. All Inputs V,H = Vcc-1-5v 


1 . Clear overrides Preset, no output disable is 
possible. 

2. All inputs (except CLK) V.h = 2.0v, min. 
CLKViH = 4.3v,min. 


3. SO Vol = 0.4v @ lot = 0.2mA 


3. SO Vol = 0.4v @ loL = 0.4mA 74LSXX load 


4. Shift Register is static 

5. Clear— directly forces the output low; when 
released, the output is determined by the 
state of the shift register output. 

6. General Timing Differences— See Timing 
Diagram 


4. Shift Register is dynamic 

5. Clear directly forces the output low and will 
be latched (for a character time) by PE. 

6. General Timing Differences— See Timing 
Diagram 
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STANDARD MICROSYSTEMS 



CORPORATION^ 



CRT 7004-003 

(5X7 ASCII) 

CODING INFORMATION 



Dot Matrix Character Generator 



s 


\v A3..A0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1,11 


1 


A6..A4 ^V 


C6...C0 


C6...C0 


C6...C0 


C6...00 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 


C6...C0 




000 


R1 
R11 


§i§g§g 
iiii 

naDODGD 


gsggsgg 

sssgggg 
ggggggg 


g:gggg§ 
liggggg 

iiig 


gggsggg 
|gs|§ 

OOOODDO 

ggggggg 


gsggsgg 

ggggggg 

ggggggg 
ggggggg 


g gggg 
g gggg 
g gggg 


gsggggg 

ggggggg 


ggggggg 
||g| 


gggglgg 

gsggggg 
ggggggg 


g ggggg 

g ggggg 
ggggggg 


ggsgggg 
ggsgggg 
ggsgggg 

iiig 
ggggggg 


iili 


aDDDDDg 

gggsggg 

ggggggg 
ggggggg 
ggggggg 


[sggjl 
ggggggg 


ggggig 
ggggggg 
ggggggg 


ggggggg 

igggiii 

iiii 


001 


Rl 
R11 


SSSSSBg 

sssssi 
§i§§§g 


ggiiigg 
ggggggg 

ggggggg 
iggggg 


ggggggg 
g:ggggg 

gill 
ggg|ggg 


gggsii 
g ggggg 

g gggi 


gggsggg 
gsgsggg 

ggggggg 
ggggggg 


g gsgg 

n Bano 
■ mmaa 

g 11 


ggggggg 
ggggggg 

ggggggg 
ggggggg 


sgsisgg 
ggggggg 

lllllll 


ggggggg 

ggggggg 
ggggggg 


■ooaaoo 

ggsii 
g ggggg 

□ nnnno 

g ggggg 


ggiig 
ggggggg 


sgggsi 

SgggSgg 

ggggggg 


lllllll 

□DDoaoa 
DDnnnao 

ggggggg 
ggggggg 


gggsggg 
gggsggg 

iili 


ggggggg 
sgggggg 

llii 


iggsi 
gsggsgg 

iiii 


010 


Rl 
R11 


DDDoana 

aDDDDGD 
DDOaDOO 
DDDODOn 

ggDDDno 
aDDDDaa 

oaopGOC 
aaaoooo 


gggsggg 
ggggggg 

□nnanoo 


§: iil 
§g gggg 
gg gggg 


DaOBDOD 

■aaaagg 

aaaaaan 
n nanna 

ggggggg 


gg gggg 

gg gggg 
gg gggg 
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The Cursor for the CRT 7004-003 is presented as a double underscore on Rows 8 and 9. 
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CRT 7220 
CRT 7220-1 
CRT 7220-2 



Graphics Display Controller 



FEATURES 

D Microprocesser Interface 

DMA transfers with 8257- or 8237-type controllers 

FIFO Command Buffering 
D Display Memory Interface 

Up to 256K words of 1 6 bits 

Read-Modify-Write (RMW) Display Memory cycles in 

under 800ns 

Dynamic RAM refresh cycles for nonaccessed memory 
D Light Pen Input 

D External video synchronization mode 
D Graphics Mode 

Four megabit, bit-mapped display memory 
D Character Mode 

8K character code and attributes display memory 
D Mixed Graphics and Character Mode 

64K if all characters 

1 megapixel if all graphics 
D Graphics Capabilities 

Figure drawing of lines, arc/circles, rectangles, and 

graphics characters in 800ns per pixel 

Display 1024-by-1024 pixels with 4 planes of color 

or grayscale 

Two independently scrollable areas 
D Character Capabilities 

Auto cursor advance 

Four independently scrollable areas 

Programmable cursor height 

Characters per row: up to 256 

Character rows per screen : up to 1 00 



PIN CONFIGURATION 











V_/ 




2xWCLK 1 C 




D40 Voo 


DBIN 2C 




3 39 A17 


HSYNC 3C 




3 38 A16 


V/EXTSYNC 4C 




3 37 AD15 


BLANK 5C 




3 36 AD14 


ALE 6C 




3 35 AD13 


DRQ 7C 




D34 AD12 


DACK 8C 




333 AD11 


WR IOC 




3 32 AD10 
331 AD9 








AO 11 C 








D30 ADS 


DBO 12 C 
DB1 13 C 








329 AD7 
]28 AD6 




DB2 14 C 


p27 ADS 1 


DB3 15 C 




326 AD4 


DB4 16C 




325 ADS 


DBS 17 C 




324 AD2 


DB6 18C 




323 AD1 


DB7 19 C 




322 ADO 


GND 20 C 




321 LPEN 


PACKAGE: 40-pin D.I.R 



D Video Display Format 

Zoom magnification factors of 1 to 16 

Panning 

Command-settable video raster parameters 
D Technology 

D Single + 5 volt Power Supply 
D COPLAMOS® n-Channel Silicon Gate Technology 
D DMA Capability 

Bytes or word transfers 

4 clock periods per byte transferred 



GENERAL DESCRIPTION 



The CRT 7220 Graphics Display Controller (GDC) is an 
intelligent microprocessor peripheral designed to be the 
heart of a high-performance raster-scan computer graph- 
ics and character display system. Positioned between the 
video display memory and the microprocessor bus, the GDC 
performs the tasks needed to generate the raster display 
and manage the display memory. Processor software over- 
head is minimized by the GDC's sophisticated instruction 
set, graphics figure drawing, and DMA transfer capabilities. 
The display memory supported by the GDC can be config- 
ured in any number of formats and sizes up to 256K 16-bit 
words. The display can be zoomed and panned, while par- 
titioned screen areas can be independently scrolled. With 
its light pen input and multiple controller capability, the GDC 
is ideal for advanced computer graphics applications. 

The GDC is designed to work with a general purpose micro- 
processor to implement a high-performance computer 



graphics system. Through the division of labor established 
by the GDC's design, each of the system components is 
used to the maximum extent through a six-level hierarchy 
of simultaneous tasks. At the lowest level, the GDC gen- 
erates the basic video raster timing, including sync and 
blanking signals. Partitioned areas on the screen and 
zooming are also accomplished at this level. At the next level, 
video display memory is modified during the figure draw- 
ing operations and data moves. Third, display memory 
addresses are calculated pixel by pixel as drawing pro- 
gresses. Outside the GDC at the next level, preliminary cal- 
culations are done to prepare drawing parameters. At the 
fifth level, the picture must be represented as a list of graph- 
ics figures drawable by the GDC. Finally, this representa- 
tion must be manipulated, stored, and communicated. By 
handling the first three levels, the GDC takes care of the 
high-speed and repetitive tasks required to implement a 
graphics system. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


IN/OUT 


FUNCTION 


1 


2XWCLK 


IN 


Clock Input 


2 


DBIN 


OUT 


Display Memory Read Input Flag 


3 


HSYNC 


OUT 


Horizontal Video Sync Output 


4 


V/EXTSYNC 


IN/OUT 


Vertical Video Sync Output or External VSYNC Input 


5 


BLANK 


OUT 


CRT Blanking Output 


6 


ALE (RAS) 


OUT 


Address Latch Enable Output 


7 


DRQ 


OUT 


DMA Request Output 


8 


DACK 


IN 


DMA Acknowledge Input 


9 


RD 


IN 


Read Strobe Input for Microprocessor Interface 


10 


WR 


IN 


Write Strobe Input for Microprocessor Interface 


11 


AO 


IN 


Address Select Input for Microprocessor Interface 


12-19 


DB0-DB7 


IN/OUT 


Bidirectional data bus 


20 


GND 


— 


Ground 


21 


LPEN 


IN 


Light Pen Detect Input 


22-34 


AD0-AD12 


IN/OUT 


Address and Data Lines to Display Memory 


35-37 


AD13-AD15 


IN/OUT 


Character Mode: Line Counter Outputs, Bits 0-2 
Mixed Mode: Address and Data Bits 13-15 
Graphics Mode: Address and Data Bits 13-15 


38 


A16 


OUT 


Character Mode: Line Counter Output, Bit 3 

Mixed Mode: Attribute Blink and Clear Line Counter Output 

Graphics Mode: Address Bit 16 Output 


39 


A17 


OUT 


Character Mode: Cursor Output and Line Counter Bit 4 
Mixed Mode: Cursor and Bit Map Area Flag Output 
Graphics Mode: Address Bit 17 Output 


40 


VCC 


— 


+ 5 Volt Power Supply 
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FUNCTIONAL DESCRIPTION 

Microprocessor Bus Interface 

Control of the GDC by the system microprocessor is 
achieved through an 8-bit bidirectional interface. The sta- 
tus register is readable at any time. Access to the FIFO buffer 
Is coordinated through flags in the status register and oper- 
ates independently of the various internal GDC operations, 
due to the separate data bus connecting the interface and 
the FIFO buffer 

Command Processor 

The contents of the FIFO are interpreted by the command 
processor. The command bytes are decoded, and the 
succeeding parameters are distributed to their proper 
destinations within the GDC. The command processor 
yields to the bus interface when both access the FIFO 
simultaneously. 

DMA Control 

The DMA control circuitry in the GDC coordinates transfers 
over the microprocessor interface when using an external 
DMA controller. The DMA Request and Acknowledge 
handshake lines directly interface with a DMA controller, so 
that display data can be moved between the microproces- 
sor memory and the display memory. 

Parameter RAM 

The 16-byte RAM stores parameters that are used repeti- 
tively during the display and drawing processes. In char- 
acter mode, this RAM holds four sets of partitioned display 
area parameters; in graphics mode, the drawing pattern 
and graphics character take the place of two of the sets 
of parameters. 



Drawing Controller 

The drawing processor contains the logic necessary to cal- 
culate the addresses and positions of the pixels of the var- 
ious graphics figures. Given a starting point and the 
appropriate drawing parameters, the drawing controller 
needs no further assistance to complete the figure drawing. 



Display Memory Controller 

The display memory controller's tasks are numerous. Its 
primary purpose is to multiplex the address and data infer- 

matinn m sknr\ ni it nf thft Hlc r^ lgiw mpmorv It fllgnr^nntfling thft 
iilaiiUiT III cniw wUt wrtTTi7\jio|<^iciy ■ iivii iviy* ft ciiow ovji licin lo^Tt-t^ 

16-bit logic unit used to modify the display memory con- 
tents during BMW cycles, the character mode line counter, 
and the refresh counter for dynamic RAMs. The memory 
controller apportions the video field time between the var- 
ious types of cycles. 



Light Pen Deglitcher 

Only if two rising edges on the light pen input occur at the 
same point during successive video fields are the pulses 
accepted as a valid light pen detection. A status bit indi- 
cates to the system microprocessor that the light pen reg- 
ister contains a valid address. 



PROGRAMMER'S VIEW OF GDC 

The GDC occupies two addresses on the system micropro- 
cessor bus through which the GDC's status register and 
FIFO are accessed. Commands and parameters are writ- 
ten into the GDC's FIFO and are differentiated based on 
address bit AO. The status register or the FIFO can be read 
as selected by the address line. 



Video Sync Generator 

Based on the clock input, the sync logic generates the ras- 
ter timing signals for almost any interlaced, non-interlaced, 
or "repeat field" interlaced video format. The generator 
is programmed during the idle period following a reset. In 
video sync slave mode, it coordinates timing between 
multiple GDCs. 

Memory Timing Generator 

The memory timing circuitry provides two memory cycle 
types: a two-clock period refresh cycle and the read-mod- 
ify-write (RMW) cycle which takes four clock periods. The 
memory control signals needed to drive the display mem- 
ory devices are easily generated from the GDC's ALE and 
DBIN outputs. 

Zoom & Pan Controller 

Based on the programmable zoom display factor and the 
display area entries in the parameter RAM, the zoom and 
pan controller determines when to advance to the next 
memory address for display refresh and when to go on to 
the next display area. A horizontal zoom is produced by 
slowing down the display refresh rate while maintaining the 
video sync rates. Vertical zoom is accomplished by repeat- 
edly accessing each line a number of times equal to the 
horizontal repeat. Once the line count for a display area is 
exhausted, the controller accesses the starting address and 
line count of the next display area from the parameter RAM. 
The system microprocessor, by modifying a display area 
starting address, can pan in any direction, independently of 
the other display areas. 



AO 


READ 


WRITE 





Status Register 


Parameter Into FIFO 




1 1 1 1 I 1 1 1 1 






1 


FIFO Read 


Command Into FIFO 




1 1 1 1 1 1 1 1 1 







GDC Microprocessor Bus Interface Registers 

Commands to the GDC take the form of a command byte 
followed by a series of parameter bytes as needed for spec- 
ifying the details of the command. The command processor 
decodes the commands, unpacks the parameters, loads 
them into the appropriate reigsters within the GDC, and ini- 
tiates the required operations. 

The commands available in the GDC can be organized into 
five categories as described in the following section. 



GDC COMMAND SUMMARY 

Video Control Commands 

1 . RESET Resets the GDC to its idle state. 

2. SYNC Specifies the video display format. 

3. VSYNC Selects master or slave video synchro- 

nization mode. 

4. CCHAR Specifies the cursor and character row 

heights. 
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Display Control Commands 

1 . START Ends Idle mode and unblanks the display. 

2. BCTRL Controls the blanking and unblanking of 

the display. 

3. ZOOM Specifies zoom factors for the display and 

graphics characters writing. 

4. uUMSt sets tne position ot the cursor in display 

memory. 
5. PRAM Defines starting addresses and lengths 

of the display areas and specifies the 

eight bytes for the graphics character. 
6. PITCH Specifies the width of the X dimension of 

display memory. 

Drawing Control Commands 

1 . WDAT Writes data words or bytes into display 

memory. 

2. MASK Sets the mask register contents. 

3. FIGS Specifies the parameters for the drawing 

controller. 

4. FIGD Draws the figure as specified above. 

5. GCHRD Draws the graphics character into dis- 

play memory. 

Data Read Commands 

1 . RDAT: Reads data words or bytes from display 

memory. 

2. CURD: Reads the cursor position. 

3. LPRD: Reads the light pen address. 

DMA Control Commands 

1 . DMAR Requests a DMA read transfer. 

2. DMAW Requests a DMA write transfer. 

STATUS REGISTER FLAGS 



-Data Ready 
- FIFO Full 
-FIFO Empty 



7 6 5 4 3 2 1 



-Drawing In Progress 
-DMA Execute 



-Vertical Sync Active 



-Horizontal Blank Active 
-Light Pen Detect 



Status Register (SR) 

SR-7: Light Pen Detect 

When this bit is set to 1 , the light pen address (LAD) register 
contains a deglitched value that the system microprocessor 
may read. This flag is reset after the 3-byte LAD is moved 
into the FIFO in response to the light pen read command. 

SR-6: Horizontal Blanking Active 

A 1 value for this flag signifies that horizontal retrace blank- 
ing is currently undenway 

SR-5: Vertical Sync 

Vertical retrace sync occurs while this flag is a 1 . The verti- 
cal sync flag coordinates display format modifying com- 
mands to the blanked interval surrounding vertical sync. This 
eliminates display disturbances. 

SR-4: DMA Execute 

This bit is a 1 during DMA data transfers. 



SR-3: Drawing in Progress 

While the GDC is drawing a graphics figure, this status bit 
isa1. 

SR-2: FIFO Empty 

This bit and the FIFO Full flaa conrdinatp Rvstpm minrnnrn- 
cessor accesses with the GDC FIFO. Whenit is 1 , the Erhpty 
flag ensures that all the commands and parameters previ- 
ously sent to the GDC have been interpreted. 

SF-1: FIFO Full 

A 1 at this flag indicates a full FIFO in the GDC. A ensures 
mat tiiere is room lOr at least one byte. This flag needs to 
be checked out before each write into the GDC. 

SR-0: Data Ready 

When this flag is a 1 , it indicates that a byte is available to 
be read by the system microprocessor. This bit must be 
tested before each read operation. It drops to a while the 
data is transferred from the FIFO into the microprocessor 
interface data register. 



FIFO OPERATION & COMMAND PROTOCOL 

The first-in, first-out buffer (FIFO) in the GDC handles the 
command dialogue with the system microprocessor. This 
flow of information uses a half-duplex technique, in which 
the single 16-location FIFO is used for both directions of 
data movement, one direction at a time. The FIFO's direc- 
tion is controlled by the wstem microprocessor through the 
GDC's command set. The host microprocessor coordi- 
nates these transfers by checking the appropriate status 
register bits. 

The command protocol used by the GDC requires differ- 
entiation of the first byte of a command sequence from the 
succeeding bytes. The first byte contains the operation code 
and the remaining bytes carry parameters. Writing into the 
GDC causes the FIFO to store a flag value alongside the 
data byte to signify whether the byte was written into the 
command or the parameter address. The command pro- 
cessor in the GDC tests this bit as it interprets the entries in 
the FIFO. 

The receipt of a command byte by the command processor 
marks the end of any previous operation. The number of 
parameter bytes supplied with a command is cut short by 
the receipt of the next command byte. A read operation from 
the GDC to the microprocessor can be terminated at any 
time by the next command. 

The FIFO changes direction underthe control of the system 
microprocessor. Commands written into the GDC always 
put the FIFO into write mode if it wasn't in it already 
If it was in read mode, any read data in the FIFO at the time 
of the turnaround is lost. Commands which require a GDC 
response, such as RDAT CURD and LPRD, out the FIFO 
into read mode after the command is interpreted by the 
GDC's command processor. Any commands and param- 
eters behind the read-evoking command are discarded 
when the FIFO direction is reversed. 



READ-MODIFY-WRITE CYCLE 

Data transfers between the GDC and the display memory 
are accomplished using a read-modify-write (RMW) mem- 
ory cycle. The four clock period timing of the RMW cycle is 
used to: 1) output the address, 2) read data from the mem- 
ory 3) modify the data, and 4) write the modified data back 
into the initially selected memory address. This type of 
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memory cycle is used for all interactions with display mem- 
ory including DMA transfers, except for the two clocl< period 
display and RAM refresh cycles. 
The operations performed during the modify portion of the 
RMW cycle merit additional explanation. The circuitry in the 
GDC uses three main elements: the Pattern register, the 
Mask register, and the 16-bit Logic Unit. The Pattern regis- 
ter holds the data pattern to be moved into memory It is 
loaded by the WDAT parameters or, during drawing, from 
the parameter RAM. The Mask register contents determine 
which bits of the read data will be modified. Based on the 

n^,n4-mn*n jih^ *W/?v**-*v rz-M^ I g^t^trc th<a J- r^fij/^ I | n It norff^rmQ tnP 
COniBntS OT IT16S6 feylSiero^ trro t-tjott/ xjrm [Jci lui iiia- tt+c 

selected operations of REPLACE, COMPLEMENT SET, or 
CLEAR on the data read from display memory 
The Pattern register contents are ANDed with the Mask 
register contents to enable the actual modification of the 
memory read data, on a bit-by-bit basis. For graphics draw- 
ing, one bit at a time from the Pattern register is combined 
with the Mask. When ANDed with the bit set to a 1 in the 
Mask register, the proper single pixel is modified by the Logic 
Unit. For the next pixel in the figure, the next bit in the Pat- 
tern register is selected and the Mask register bit is moved 
to identify the pixel's location within the word. The Execu- 
tion word address pointer register, EAD, is also adjusted as 
required to address the word containing the next pixel. 
In character mode, all of the bits in the Pattern register are 
used in parallel to form the respective bits of the modify data 
word. Since the bits of the character code word are used in 
parallel, unlike the one-bit-at-a-time graphics drawing pro- 
cess, this facility allows any or all of the bits in a memory 
word to be modified in one RMW memory cycle. The Mask 
register must be loaded with 1 s in the positions where mod- 
ification is to be permitted. 

The Mask register can be loaded in either of two ways. In 
graphics mode, the CURS command contains a four-bit dAD 
field to specify the dot address. The command processpr 
converts this parameter into the one-of-16 format used in 
the Mask register for figure drawing. A full 16 bits can be 
loaded into the Mask register using the MASK command. 
In addition to the character mode use mentioned above, the 
16-bit MASK load is convenient in graphics mode when all 
of the pixels of a word are to be set to the same value. 
The Logic Unit combines the data read from display mem- 
ory, the Pattern Register, and the Mask register to generate 
the data to be written back into display memory Any one of 
four operations can be selected: REPLACE, COMPLE- 
MENT CLEAR or SET. In each case, if the respective Mask 
bit is 0, that particular bit of the read data is returned to 
memory unmodified. If the Mask bit is 1 , the modification is 
enabled. With the REPLACE operation, the Pattern Reg- 
ister data simply takes the place of the read data for mod- 
ification enabled bits. For the other three operations, a in 
the modify data allows the read data bit to be returned to 
memory A 1 value causes the specified operation to be 
performed in the bit positions with set Mask bits. 



FIGURE DRAWINGS 

The GDC draws graphics figures at the rate of one pixel per 
read-modify-write (RMW) display memory cycle. These 
cycles take four clock periods to complete. At a clock fre- 
quency of 5MHz, this is equal to 800ns. During the RMW 
cycle the GDC simultaneously calculates the address and 
position of the next pixel to be drawn. 
The graphics figure drawing process depends on the dis- 
play memory addressing structure. Groups of 16 horizon- 
tally adjacent pixels form the 16-bit words which are handled 
by the GDC. Display memory is organized as a linearly 



addressed space of these words. Addressing of individual 
pixels is handled by the GDC's internal RMW logic. 
During the drawing process, the GDC finds the next pixel of 
the figure which is one of the eight nearest neighbors of the 
last pixel drawn. The GDC assigns each of these eight 
directions a number from to 7, starting with straight down 
and proceeding counterclockwise. 



O-PcO 

000 

Drawing Directions 



Figure drawing requires the proper manipulation of the 
address and the pixel bit position according to the drawing 
direction to determine the next pixel figure. To move to the 
word above or below the current one, it is necessary to sub- 
tract or add the number of words per line in display memory 
This parameter is called the pitch. To move to the word to 
either side, the Execute word address cursor, EAD, must be 
incremented or decremented as the dot address pointer bit 
reaches the LSB or the MSB of the Mask register To move 
to a pixel within the same word, it is necessary to rotate the 
dot address pointer register to the right or left. 

The table below summarizes these operations for each 
direction. 

Dir Operatiom to Addrex the N«xt Pixal 

000 EAD + P^EAD 

^, EAD + P—EAD 

OOI dAD(MSB) = 1:EAD + 1^EAD dAD-^^LR 



dAD (MSB) = 1:EAD + 1^EAD dAD^LR 



EAD-P-»EAD 

dAD (MSB) = 1:EAD + 1 -* EAD dAD^LR 



EAD -P — EAD 
dAD(LSB) = 1:EAD 



I^EAD dAD^RR 



dAD(LSB) = 1:EAD- 



>EAD dAD^RR 



EAD + P-*EAD 

dAD (LSB) = 1 :EAD - 1 -» EAD dAD -> RR 



Where P = Pitch, LR = Left Rotate, RR = Right Rotate, 
EAD = Execute Word Address, and 
dAD = Dot Address stored in the Mask Register 



Whole word drawing is useful for filling areas in memory with 
a single value. By setting the Mask register to all 1 s with the 
MASK command, both the LSB and MSB of the dAD will 
always be 1, so that the EAD value will be incremented or 
decremented for each cycle regardless of direction. One 
RMW cycle will be able to effect all 16 bits of the word for 
any drawing type. One bit in the Pattern register is used per 
RMW cycle to write all the bits of the word to the same value. 
The next Pattern bit is used for the word, etc. 
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For the various figures, the effect of the initial direction upon 
the resulting drawing is shown below: 



V/^ 



^ 



% 



\'-7 

'V 



V^ 



C\ 



-a 



S=J 



'x:^ 



Character 



innni 

uyuu 



Slant Char 



^ 



'3l 



Rectangle 



r — t 



O 



O 



KM 
1 ^ 'I 



^N 



Note that during line drawing, the angle of the line may be 
anywhere within the shaded octant defined by the DIR value. 
Arc drawing starts in the direction initially specified by the 
DIR value and veers into an arc as drawing proceeds. An 
arc may be up to 45 degrees in length. DMA transfers are 
done on word boundaries only, and follow the arrows indi- 
cated in the table to find successive word addresses. The 
slanted paths for DMA transfers indicate the GDC chang- 
ing both the X and Y components of the word address when 
moving to the next word. It does not follow a 45 degree diag- 
onal path by pixels. 



DRAWING PARAMETERS 

In preparation for graphics figure drawing, the GDC's Draw- 
ing Processor needs the figure type, direction and drawing 
parameters, the starting pixel address, and the pattern from 
the microprocessor. Once these are in place within the GDC, 
the Figure Draw command, FIGD, initiates the drawing 
operation. From that point on, the system microprocessor 
is not involved in the drawing process. The GDC Drawing 



Controller coordinates the RMW circuitry and address reg- 
isters to draw the specified figure pixel by pixel. 

The algorithms used by the processor for figure drawing are 
designed to optimize its drawing speed. To this end, the 
specified details about the figure to be drawn are reduced 
by the microprocessor to a form conducive to high-speed 
address calculations within the GDC. In this way the repet- 
itive, pixel-by-pixel calculations can be done quickly, thereby 
minimizing the overall figure drawing time. The table below 
summarizes the parameters. 



Drawing Type 


DC 


D 




D2 




D1 


DM 


Initial Value* 





e 




8 




-1 


-1 


Lira 


|AI| 


2|AD|- 


|il| 


2(|AD|- 


ill) 


2|4D| 


- 


Arc" 


rtin i> 


r-1 




2(r-1) 




-1 


rslnei 


Rectangle 


3 


A-1 




B-1 




-1 


A-1 


Area Fill 


B-1 


A 




A 




- 


- 


Graphic Character*" 


B-1 


A 




A 




- 


- 


Write Data 


W-1 


- 




- 




- 


- 


DMAW 


D-1 


C-1 




- 




- 


- 


DMAR 


D-1 


C-2 




(C-2)/2t 




- 


- 


Read Data 


W 


- 




- 




- 


- 



"Initial values for the various parameters remain as each drawing process ends. 
"Circles are drawn with 8 arcs, each of which span 45°, so that sin 6 - 1/V2 and sin 9 = 0. 
'"Graphic characters are a special case of bit-map area filling in which B and A s 8. If A = 8 
there is no need to load D and D2. 

Where: 

-1= all ONES value. 
All numbers are shown in base 10 for convenience. The GDC accepts base 2 numbers (2s 
complement notation where appropriate). 

- = No parameter bytes sent to GDC for this parameter. 
Al= The larger at Ax or Ay. 
AD= The smaller at Ax or Ay 
r= Radius of curvature, in pixels. 
i,= Angle from major axis to end of the arc. (4 s 45f 
e= Angle from major axis to start of the arc. e « 45? 
t = Round up to the next higher integer. 
i = Round down to the next lower integer. 
A= Number of pixels in the initially specified direction. 
B= Number of pixels in the direction at right angles to the 

initially specified direction. 
W= Number of words to be accessed. 
C= Number of bytes to be transferred in the initially specified 
direction. (Two bytes per word if word transfer mode 
is selected.) 
D= Number of virords to be accessed in the direction at right 
angles to the initially specified direction. 
DC= Drawing count parameter which is one less than the num- 
ber of Rfi/IW cycles to tse executed. 
DM = Dots masked from drawing during arc drawing. 
t= Needed only for wrord reads. 



GRAPHICS CHARACTER DRAWING 

Graphics characters can be drawn into display memory 
pixel-by-pixel. The up to 8-by-8 character display is loaded 
iHiO II iG OL-rv^ s parameter n/nM by the system micropro- 
cessor. Consequently, there are no limitations on the char- 
acter set used. By varying the drawing parameters and 
drawing direction, numerous drawing options are available. 
In area fill applications, a character can be written into dis- 
play memory as many times as desired without reloading 
the parameter RAM. 

Once the parameter RAM has been loaded with up to eight 
graphics character bytes by the appropriate PRAM com- 
mand, the GCHRD command can be used to draw the bytes 
into display memory starting at the cursor The zoom mag- 
nification factor for writing, set by the zoom command, con- 
trols the size of the character written into the display memory 
in integer multiples of 1 through 16. The bit values in the 



PRAM are repeated horizontally and vertically the number 
of times specified by the zoom factor. 

The movement of these PRAM bytes to the display memory 
is controlled by the parameters of the FIGS command. 
Based on the specified height and width of the area to be 
drawn, the parameter RAM is scanned to fill the required 
area. 

For an 8-by-8 graphics character, the first pixel drawn uses 
the LSB of RA-1 5, the second pixel uses bit 1 of RA-1 5, and 
so on, until the MSB of RA-1 5 is reached. 

The GDC jumps to the corresponding bit in RA-1 4 to con- 
tinue the drawing. The progression then advances toward 
the LSB of RA-1 4. This snaking sequence is continued for 
the other 6 PRAM bytes. This progression matches the 
sequence of display memory addresses calculated by the 
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drawing processor as shown above. If the area is narrower 
than 8 pixels wide, the snal<ing will advance to the next 
PRAM byte before the MSB is reached. If the area is nar- 
rower than 8 lines high, fewer bytes in the parameter RAM 
will be scanned. If the area is larger than 8 by 8, the GDC 
will repeat the contents of the parameter RAM in two 
dimensions, as required to fill the area with the 8-by-8 moz- 
aic. (Fractions of the 8-by-8 pattern will be used to fill areas 
which are not multiples of 8 by 8). 



PARAMETER RAM CONTENTS: RAM ADDRESS 
RAO TO 15 

The parameters stored in the parameter RAM, PRAM, are 
available for the GDC to refer to repeatedly during figure 
drawing and raster-scanning. In each mode of operation the 
values in the PRAM are interpreted by the GDC in a pre- 
determined fashion. The host microprocessor must load the 
appropriate parameters into the proper PRAM locations. 
PRAM loading command allows the host to write into any 
location of the PRAM and transfer as many bytes as desired. 



In this way any stored parameter byte or bytes may be 
changed without influencing the other bytes. 
The PRAM stores two types of information. For specifying 
the details of the display area partitions, blocks of four bytes 
are used. The four parameters stored in each block include 
the starting address in display memory of each display area, 
and its length. In addition, there are two mode bits for each 
area which specify whether the area is a bit-mapped graph- 
ics area or a coded character area, and whether a 1 6-bit or 
a 32-bit wide display cycle is to be used for that area. 

The other use for the PRAM contents is to supply the pat- 
tern forTigure drawing whenTn a M-mapped graphics area 
or mode. In these situations, PRAM bytes 8 through 16 are 
reserved for this patterning information. For line, arc, and 
rectangle drawing (linear figures) locations 8 and 9 are 
loaded into the Pattern Register to allow the GDC to draw 
dotted, dashed, etc. lines. For area filling and graphics bit- 
mapped character drawing locations 8 through 15 are ref- 
erenced for the pattern or character to be drawn. 

Details of the bit assignments are shown for the various 
modes of operation. 



Character Mode 



Graphics and Mixed Graphics and Character Modes 



c 



SAD1, 






SADIh 



J Display Partition Area 1 
^m- starting address with low & 

high significance fields 

(word address) 



c 



LENIl 






LENIl 





SAD1„ 



RA-4 




SAD2, 


5 








SAD2„ 


6 




LEN2, 








7 


WD2 





LEN2„ 












RA-8 




SAD3l 


9 








SAD3„ 


10 




LEN3l 








11 


WD3 





LEN3„ 












RA-12 




SAD4, 


13 










SAD4„ 


14 




LE 


H4l 








IS 


WD4 





LEN4„ 



1 J Length of Display Partition 1 

-*- (line count) with high and 
J low significance fields 

A Wide Display cycle width 
of two words per memory cycle 
is selected for this display 
~ area if this bit is set to a 1. 
The display address counter 
is then incremented by 
2 for each display scan 
cycle. Other memory cyde 
types are not influenced. 



Display Partition 2 
. starting address 
and length 



V 



Display Partition Area 1 
- starting address with low, 
middle, and high significance 
fields (word address) 



Length of Display Partition 
- Area 1 with low and high 
significance fields (line count) 



RA.4 


SAD2, 


5 


SA 


D2„ 




6 




LEN2, 





SAD2„ 


7 


WD2 


IM 


LEN2„ 








RA-8^ 




PTN^ 


or GCHR8 









In mixed mode, a 1 indicates an 
. image or graphics area, and a 
indicates a character area. .In 
graphics mode this bit must be 0. 
When 1, the DAD is incremented 
every other display cycle. 

Display Partition Area 2 
- starting address and 
length with image 
bit as in area 1 



Display Partition 3 
- starting address 
and length 



Display Partition 4 
- starting address 
and length 



PTN„ or GCHR7 



P 



Pattern of 16 bits used for 
figure drawing to pattern 
dotted, dashed, etc. lines 



Graphics character bytes 
to be moved into display 
memory with graphics 
character drawing 
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Command Bytes Summary 




RESET 


00 oloo 

1 . . . 










SYNC 





1 1 1 


DE 










VSYNC 


110 


1 1 1 


M 










CCHAR 


10 


10 1 1 










START 


110 


10 1 1 










BCTRL 





1 1 


DE 










ZOOM 


10 


110 










CURS 


10 


10 1 










PRAM 


111 


SA 










PITCH 


10 


111 










WDAT 


1 


TYPE 





MOD 










MASK 


10 


10 10 










FIGS 


1 


110 










FIGD 


110 


110 










GCHRD 


110 


10 










RDAT 


1 1 


TYPE 





MOO 










CURD 


1110 













LPRD 


110 













DMAR 


1 1 


TYPE 


1 


MOD 










DMAW 


1 


TYPE 


1 


MOD 











VIDEO CONTROL COMMANDS 
Reset 



RESET: 0000 000 



Blank the display, enter 
Idle mode, and initialize 
within the GDC: 

— FIFO 

— Command Processor 

— Internal Counters 



This command can be executed at any time and does not 
modify any of the parameters already loaded into the GDC. 
If followed by parameter bytes, this command also sets the 
sync generator parameters as described below. Idle mode 
is exited with the START command. 



PI 








C 


F 


' 


D 


G 


S 


P2 


AW 


P3 




VSl 






HS 







\ 



- Mode of Operation select bits 
See below 

- Active Display Words per 
line - 2 Must be even 
number with bit == 



- Horizontal Sync Width - 1 

- Vertical Sync Width, low bits 



V 



- Vertical Sync Width, high bits 









HBP 








VFP 


ALl 



X 



-Horizontal Front Porch Width - 1 



- Horizontal Bacit Porch Width - 1 

- VMicai Front Porch Width 



- Active Display Lines per 
Video Field, low bits 



- Active Display Lines per 
Video Field, high bits 



- Vertical Back Porch Width 



In graphics mode, a word is a group of 16 pixels. In char- 
acter mode, a word is one character code and its attributes, 
if any The number of active words per line must be an even 
number from 2 to 256. An all-zero parameter value selects 
a count equal to 2" where n = number of bits in the param- 
eter field for vertical parameters. All horizontal widths are 
counted in display vrards. All vertical intervals are counted 
in lines. 



Horizontal Back Porch Constraints 

1. In general: 

HBP^3 Display Word Cycles (6 clock cycles). 

2. If the IMAGE or WD modes change within one video field : 
HBP^5 Display Word Cycles (10 clock cycles). 

3. If interlace or mixed mode is used: 

HBP3^5 Display Word Cycles (10 clock cycles). 

Horizontal Front Porch Constraints 

1 . If the display ZOOM function is used at other than IX: 
HFP>2 Display Word Cycles (4 clock cycles). 

2. If the GDC is used in the video sync Slave mode: 
HFP^4 Display Word Cycles (8 clock cycles). 

3. If the Light Pen is used: 

HFP^6 Display Word Cycles (12 clock cycles). 

4. If interlace mode is used: 

HFP^3 Display Word Cycles (6 clock cycles). 

Horizontal SYNC Constraints 

1 . If interlaced display mode is used: 
HS^5 Display Word Cycles (10 clock cycles). 
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Modes of Operation Bits 



SYNC Format Specify 



C Q 


Display Mode 





Mixed Graphics & Character 


i 


Graphics Mode 


1 


Character Mode 


1 1 Invalid 




1 S 


Video Framing 





Noninterlaced 


1 


Invalid 


1 


Interlaced Repeat Field for Character Displays 


1 1 Interlaced 



Repeat Field Framing : 2 Field Sequence with Vz line off- 
set between otiierwise identical 
fields. 

Interlaced Framing: 2 Field Sequence with Vz line off- 
set. Each field displays alternate 
lines. 

Noninterlaced Framing: 1 field brings all of the information 
to the screen. 

Total scanned lines in interlace mode is odd. The sum of 

VFP + VS + VBP + AL should equal one less than the 

desired odd number of lines. 

D D ynamic RAM Refresh Cyclee Enable 

No Refresh — STATIC RAM 

1 Ref resh — Dynamic RAM 

Dynamic RAM refresh is important when high display zoom 
factors or DMA are used in such a way that not all of the 
rows in the RAMs are regularly accessed during display 
raster generation and for othenwise inactive display memory. 

F Drawlna Time Window 

Drawing during active display time and retrace blanking 

1 Drawing only during retrace blanking 

Access to display memory can be limited to retrace blank- 
ing intervals only, so that no disruptions of the image are 
seen on the screen. 

Cursor & Character Characteristics 



CCHAR: 





1 





1 


1 1 






i II I I 












PI 


DC 





LR 


* 




N 


^ 














P2 


BR, 


sc 


crop 


* 




\ "^ 










\ 


\ 
















P3 


CBOT 


BRu 


* 








\ 









. Lines per character row - 1 
-Display Cursor if 1 



.«- Cursor Top line number 
In the row 



- Blinking Cursor 

1 - Steady Cursor 
Blink Rate, lower bits 



.«- Blink Rate, upper bits 



Cursor Bottom line number in 
the row CBOT < LR 



In graphics mode, LR should be set to 0. The blink rate 
parameter controls both the cursor and attribute blink rates. 
The cursor blink-on time = blink-off time = 2 x BR (video 
frames). The attribute blink rate is always Vz the cursor 
rate but with a % on -V4 off duty cycle. All three parameter 
bytes must be output for interlace displays, regardless of 
mode. For interlace displays in graphics mode, the param- 
eter BRl = 3. 



SYNC: 











1 


1 


1 


DE 
















L 


PI 








C 


F 


' 





G 


s 


P2 




AW 


P3 




VS, 




HS 



. The display is enabled by 
a 1, and blanked by a 0. 



V 



^ 



-«- Mode of Operation select bits 
Seettelow 

-«- Active Display Words per 
line - 2 Must be even 
number with bit = 



- Horizontal Sync Width - 1 

- Vertical Sync Width, low bits 



T 



-Vertical Sync Width, high bits 



-Horizontal Front Porch Width - 1 









HBP 








VFP 


ALl 



T 



-Horizontal Back Porch Width - 1 
- Vertical Front Porch Width 



- Active Display Lines per 
Video Field, low bits 



- Active Display Lines per 
VideoField, high bits 



- Vertical Back Porch Width 



This command also loads parameters into the sync gen- 
erator. The various parameter fields and bits are identical 
to those at the RESET command. The GDC is not reset nor 
does it enter idle mode. 

Vertical Sync Mode 



1 - Accept External UBrtleal 

Syne— Slave Mode 

1 -Generate & Output VArtieai 
Sync — Master Mode 

When using two or more GDCs to contribute to one image, 
one GDC is defined as the master sync generator, and the 
others operate as its slaves. The VSYNC pins of all GDCs 
are connected together. 

A few considerations should be observed when synchro- 
nizing two or more GDCs to generate overlayed video via 
the VSYNC INPUT/OUTPUT pin. As mentioned above, the 
Horizontal Front Porch (HFP) must be 4 or more display 
cycles wide. This is equivalent to eight or more clock cycles. 
This gives the slave GDCs time to initialize their internal 
video sync generators to the proper point in the video field 
to match the incoming vertical sync pulse (VSYNC). This 
resetting of the generator occurs just after the end of the 
incoming VSYNC pulse, during the HFP interval. Enough 
time during HFP is required to allow the slave GDC to com- 
plete the operation before the start of the HSYNC interval. 
Once the GDCs are initialized and set up as Master and 
Slaves, they must be given time to synchronize. It is a good 
idea to watch the VSYNC status bit of the Master GDC and 
wait until after one or more VSYNC pulses have been gen- 
erated before the display process is started. The START 
command will begin the active display of data and will end 
the video synchronization process, so be sure there has 
been at least one VSYNC pulse generated for the Slaves to 
synchronize to. 
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DISPLAY CONTROL COMMANDS 
Start Display & End Idle Mode 



START: 

DIsp 


110 10 1 1 





ay Blanking Control 


BCTBL: 


11 


DE 




Zoom Factors Specify 




ZOOM: 


10 110 










PI 


DISP 


6CHR 


— 




\ 





'Thadlwlayltwiabttd 

by ■ 1, and bjinktd bu 



- Zoom factor for graphic* 
charactar writing and araa 
filling 

Diaplay zoom factor 



Zoom magnification factors of 1 through 16 are available 
using codes through 15, respectively. 

Cursor Position Specify 



From the starting address, SA, any number of bytes may 
be loaded into the parameter RAM at incrementing 
addresses, up to location 15. The sequence of parameter 
bytes is terminated by the next command byte entered into 
the RFO. The parameter RAM stores 16 bytes of informa- 
tiOi I ii I (jj cueiijicci iuudiions which differ for graphics and 
character modes. See the parameter RAM discussion for 
bit assignments. 

Pitcli Specification 



10 

I r I I 

P 



CURS: 10 1 1 
' ■ ■ • • 



- Number of word addraaaaa 
in diaplay memory In the 
horizontal direction 



This value is used during drawing by the drawing processor 
to find the word directly above or below the current word, 
and during display to find the start of the next line. 
The Pitch parameter (width of display memory) is set by two 
different commands. In addition to the PITCH command, 
the RESET (or SYNC) command also sets the pitch value. 
The "active words per line" parameter, which specifies the 
width of the raster-scan display, also sets the Pitch of the 
display memory. Note that the AW value is two less than the 
display window width. The PITCH command must be used 
to set the proper memory width larger than the window width . 

DRAWING CONTROL COMMANDS 
Write Data into Display Memory 



V 



-»- Execute Word Addreas, 
low byte 



- Execute Word Addreea, 
middle byte 



EAD -* 



(Qraphlce Mode only) 

- word Addreea, top bite 

- Dot Addreaa within the word 



TYPE 

ii 



1 .«- 



- RMW Memory cyde 
Logical Operation: 

-REPLACE with Pattern 
-COMPLEMENT 
-RESET to zero 
-SET to 1 

- Data Tranafar Type: 



- Word, Low then High byte 
-Low Byte of the Word 
-High Byte of the Word 
-Invalid 



In Character mode, the third parameter byte is not needed. 
The cursor is displayed for the word time in which the dis- 
play scan address (DAD) equals the cursor address. In 
graphics mode, the cursor word address specifies the word 
containing the starting pixel of the drawing ; the dot address 
value specifies the pixel within that word. 



Parameter RAM Load 



- starting Addreea In 
parameter RAM 



- 1 to 16 bytee to be loaded 
Into the parameter RAM 
aurtlng at the RAM addreaa 
epecified by SA 



WORD, OR BYTE 



P2 
etc. 



WORDh 



■ Word Low Data Byte or 
Single Byte Data value 



■ Word tranafar only: 
High Data Byte 



Upon receiving a set of parameters (two bytes for a word 
transfer, one for a byte transfer), one RMW cycle into Video 
Memory is done at the address pointed to by the cursor EAD. 
The EAD pointer is advanced to the next word, according 
to the previously specified direction. More parameters can 
then be accepted. 

For byte writes, the unspecified byte is treated as ail zeros 
during the RMW memory cycle. 

In graphics bit-map situations, only the LSB of the WDAT 
parameter bytes is used as the pattern in the RMW oper- 
ations. Therefore it is possible to have only an all ones or 
all zeros pattern. In coded character applications all the bits 
of the WDAT parameters are used to establish the draw- 
ing pattern. 
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The WDAT command operates differently from the other 
commands which initiate RMW cycle activity. It requires 
parameters to set up the Pattern register while the other 
commands use the stored values in the parameter RAM. 
Like all of these commands, the WDAT command must be 
preceded by a FIGS command and its parameters. Only the 
first three parameters need to be given following the FIGS 
opcode, to set up the type of drawing, the DIR direction, and 
the DC value. The DC parameter + 1 will be the number of 
RMW cycles done by the GDC with the first set of WDAT 
parameters. Additional sets of WDAT parameters will see a 
OC value of &whicfrAftntt cause only one RMW cyete to be 
executed per set of parameters. 

Mask Register Load 



Low significance byte 



High significance byte 



This command sets the value of the 1 6-bit Mask register of 
the figure drawing processor. The Mask register controls 
which bits can be modified in the display memory during a 
read-modify-write cycle. 

The Mask register is loaded by the MASK command and 
the third parameter byte of the CURS command. The MASK 
command accepts two parameter bytes to load a 16-bit value 
into the Mask register. All 16 bits can be individually one or 
zero, under program control. The CURS command on the 
other hand, puts a "1 to 16" pattern into the Mask register 
based on the value of the Dot Address value, dAD. If normal 
single-pixel-at-a-time graphics figure drawing is desired, 
there is no need to do a MASK command at all since the 
CURS command will set up the proper pattern to address 
the proper pixels as drawing progresses. For coded char- 
acter DMA, and screen setting and clearing operations using 
the WDAT command, the MASK command should be used 
after the CURS command if its third parameter byte has 
been output. The Mask register should be set to all "ONES" 
for any "word-at-a-time" operation. 

Valid Figure Type Select Combinations 



MASK: 


V^ 





1 


1 









PI 


Ml 






P2 


M„ 



SL 


R 


A 


ac L 


Operation 














Cliaractar Display Mode Drawing, Individual Dot Drawing, 
DMA, WDAT, and RDAT 













1 


Straight Line Drawing 





1 


Graphics Character Drawing and Area filling with graphics 
character pattern 








1 





Arc and Circle Drawing 





1 








Rectangle Drawing 


1 








1 


Slanted Grapnics Character Drawing and Slanted 
Area Filling 



Figure Drawing Parameters Specify 



Only these bit combinations assure correct drawing 
operation. 




; Drawing Direction Base 

Figure Type Select Bits: 
Line (Vector) 
Graphics Cliaracter 
Arc/Circle 
Rectangle 



Slanted Graphics Character 



'Q 



- DC Drawing Parameter 



> 



. Graphics Drawing flag for use in 
Mixed Graphics and Character M< 



Q: 



'Q 



DZ_ 



P7 



'Q 



DIl 

■ 



P9 



"(1 



DMl 



DM„ 

-I I 1 — 



- D Drawing Parameter 



- D2 Drawing Parameter 



-D1 Drawing Parameter 



-DM Drawing Parameter 



]L- 



The parameters taite on 
different interpretatlona for 
different figure types. 



Graphics Character Draw and Area Filling Start 



Figure Draw Start 



On execution of this instruction, the GDC loads the param- 
eters from the parameter RAM into the drawing processor 
and starts the drawing process at the pixel pointed to by the 
cursor, EAD, and the dot address, dAD. 



GCHRD: 110 10 



Based on parameters loaded with the FIGS command, this 
command initiates the drawing of the graphics character or 
area filling pattern stored in Parameter RAM. Drawing 
begins at the address in display memory pointed to by the 
EAD and dAD values. 
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DATA READ COMMANDS 
Read Data from Display Memory 

I 1 m 1 



:e 



0' 

1 0-»- 



- Data IVaiwfer type: 
-Word, !ow than high byte 
-Low byta of the Word only 

- High byte of the Word only 
-Invalid 



Using the DIR and DC parameters of the FIGS command 
to establish direction and transfer count, multiple RMW 
cycles can be executed without specification of the cursor 
address after the initial load (DC = number of words or 
bytes). 

As this instruction begins to execute, the FIFO buffer direc- 
tion is reversed so that the data read from display memory 
can pass to the microprocessor. Any commands or param- 
eters in the FIFO at this time will be lost. A command byte 
sent to the GDC will immediately reverse the buffer direc- 
tion back to write mode, and all RDAT information not yet 
read from the FIFO will be lost. MOD should be set to 00 if 
no modification to video buffer is desired. 



Light Pen Address Read 



11 

'''''■• 



The following bytes are returned by the GDC through the 
FIFO: 



A7 






LAD, 




AO 




A15 






LAD« 




A8 



















LAD„ 



h- 



Light Pen Addreas, low byte 



-Light Pen Address, 
middle byte 



- Light Pen Address, high byte 



The light pen address, LAD, corresponds to the display word 
address, DAD, at which the light pen input signal is detected 
and deglitched. 

The light pen may be used in graphics, character, or mixed 
modes but only indicates the word address of light pen 
position. 



Cursor Address Read 







The following bytes are returned by the GDC through the 
FIFO: 






EAD, 



EAOm 







'0 



dADL 



- Exaeuta Addrasa (EAO), 
low byta 






Exaeuta Afddraaa(EAD), 
mMdlabyta 



Exaeuta Addraaa (EAO), 
Mghbtta 



- Dot Addraaa (dAD), low byta 



0- 



Dot Addraaa (dAO), high byta 



The Executive Address, EAD, points to the display memory 
word containing the pixel to be addressed. 

The Dot Address, dAD, within the word is represented as a 
1-of-16 code for graphics drawing operations. 



DMA Read Request 



DMAR ; 1 



1 TYPE 



DMA Write Request 



BUM: 



■ Data IVansfer type: 



- word, Low then High Byte 
-Low Byte of the Word 
-High Byta of the Wbrd 



1 


TYPE 


1 


MOO 



\=^' 



-RMW Memory Logleai Operation: 
-• REPLACE with Pattern 

1 -m COMPLEMENT 

1 0-« RESET to Zero 

1 1-« SETtoOna 

Data Itanafer Type: 

'- Word, Low then High Byte 

Low Byte of the word 

High Byte of the Word 

Invalid 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS* 



/^^^ 



SoBje 



Pscametnr 



fJUL 



^^ 



'tocfta, 



0°Cto70°C 



-65°Cto150°C 



Ambient Temperature under Bias 

Storage Temperature 

Voltage on Any Pin with Respect to Ground 

Power Dissipation 

^COMMENT- Exposing the device to stresses above those listed in Absolute Maximum Ratings could cause permanent damage. The 
device is not meant to be operated under conditions outside the limits described in the operational sections of this specification. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability 



-0.5V to +7V 
1.5W 



DC CHARACTERISTICS Ta = 0°C to 70°C; Vcc = 


5V ± 10%; 


GND = OV 








Symbol 


Limits 


Unit 


Test 


Parameter 


Min 


Typ 


IViax 


Conditions 


Input Low Voltage 


V,L 


-0.5 




0.8 


V 


® 


Input High Voltage 


V,H 


2.2 




Vcc + 0.5 


V 


® 


Output Low Voltage 


Vo. 






0.45 


V 


loL = 2.2 mA 


Output High Voltage 


VoH 


2.4 






V 


loH = 400 |jiA 


Input Low Leak Current 


1,L 






-10 


^A 


V = ov 


Input High Leak Current 


l,H 






+ 10 


J.A 


V = Vcc 


Output Low Leak Current 


loL 




i -10 


|jlA 


Vo = 0V 


Output High Leak Current 


loH 






+ 10 


^.A 


Vo = Voc 


Clock Input Low Voltage 


VcL 


-0.5 




0.6 


V 




Clock Input High Voltage 


VcH 


3.5 




Vcc +1.0 


^ i 


Vcc Supply Current 


Ice ! 
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CAPACITANCE Ta = 25°C;Vcc = GND = OV 



Parameter 



Input Capacitance 

I/O Capacitance 

Output Capacitance 
Clock Input Capacitance 



Notes: 

®For2XWCLK,V,L = 
(DFor2XWCLK,V,H = 



Symbol 



"^OUT 

Cf 



-0.5Vto +0.6V 
h 3.9V to Vcc + 1-OV 



Limits 



Min 



Typ 



lUlax 



10 
20 



20 
20 



Unit 



PF 
PF 



pF 
pF 



Test 
Conditions 



fc = 1 MHz 

V, 

(unmeasured) = OV 



AC Characteristics, Ta = 0°Cto70°C; Vcc = 5.0V ± 10%; GND = OV 



Read Cycle 


(GDC^CPU) 


















Symbol 


7220D Limits 


7220D-1 Limits 


7220D-2 Limits 


Unit 


Test 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Conditions 


Address Setup to RD i 


tAH 

















ns 




Address Hold from RD T 


Ira 

















ns 




RD Pulse Width 


tRR, 


tRDi + 20 




tRDI + 20 




Ird, + 20 




ns 




Data Delay from RD i 


tflDI 




120 




80 




70 


ns 


Cl = 50 pF 


Data Floating from RD T 


toF 





120 





100 





90 


ns 




RD Pulse Cycle 


Ircy 


4tcLK 




4tcLK 




4tcu 




ns 





Write Cycle 


(GDC^CPU) 




















Symbol 


7220D Limits 


7220O-1 Limits 


7220D-2 Limits 


Unit 


Test 


Parameter 


Min 


Max 


Min 


Max 


Min Max 


Conditions 


Address Setup to WRi 



















ns 




Address Hold from WR ? 














10 




ns 




WR Pulse Width 




120 




100 




90 




ns 




Data Setup to WRT 




100 


80 


70 




ns 




Data Hold from WR 


twD 


, 







10 




ns 




WR Pulse Cycle 


twCY 


4tcLK ; 


4tcLK 




4tcLK 




ns 
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DMA Read Cycle 


(GDC^CPU) 


















Symbol 


7220D Limits 


7220D-1 Limits 


7220D-2 Limits 


Unit 


Test 


Parameter 


Min 


Max 


IMin 


Max 


Min 


Max 


Conditions 


DACK Setup to RDi 


Ikr 

















ns 




nA^K HnlH from RO T 


t_.. 


' 


Q 









ns 




RD Pulse Width 


Irrs 


Irds + 20 




tRD2 + 20 




tRD2 + 20 




ns 




Data Delay from RD i 


tfiDS 




1.5tcLK+ 120 




1.5taK + 80 




1.5toLK + 70 


ns 


Cl = 50 pF 


DREQ Delay from 
2XWCLK T 


tRES 




150 




120 




100 


ns 


Cl = 50 pF 


DREQ Setup to DACK i 


to. 

















ns 




DACK High Level Width 


Idk 


tcLK 




tcLK 




tcLK 




ns 




DACK Pulse Cycle 


Ie 


4taK- 




4taK- 




4tcLK- 




ns 




DREQ i Delay from 
DACKi 


1ko(H| 




tcLK + 150 




tcLK + 120 




tcLK + 100 


ns 


Cl = 50 pF 



•for high byte and low byte transfers: tg = 5 1, 



DMA Write Cycle 


(GDC^CPU) 


















Symbol 


7220D Limits 


7220D-1 Limits 


7220D-2 Limits 


Unit 


Test 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Conditions 


DACK Setup to WRi 


tKW 

















ns 




DACK Hold from WR T 


twK 

















ns 




DREQ i Delay from 
DACKi 


tKQ(W) 




tcLK+150 




tcLK + 120 




W + 100 


ns 


Cl=50pF 



R/M/W Cycle 


GDC<-*Display Memory) 
















Symbol 


7220D Limits 


72200-1 Limits 


7220D-2 Limits 


Unit 


Test 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Conditions 


Address/Data Delay 
from 2XWCLK T 


tAD 


30 


160 


30 


130 


30 


1 

110 


ns 


Cl = 50 pF 


Address/Data Floating 
from 2XWCLK T 


toFF 


30 


160 


30 


130 


30 


110 


ns 


Cl = 50 pF 


Input Data Setup to 
2XWCLK I 


tois 

















ns 




Input Data Hold from 
2XWCLK i 


toiH 


toE - 20 




toE-20 




toE - 20 




ns 




DBIN Delay from 
2XWCLK I 


toE 


30 


120 


30 


90 


30 


80 


ns 


Cl = 50 pF 


ALE T Delay from 
2XWCLK T 


tRR 


30 


125 


30 


100 


30 


90 


ns 


Cl = 50 pF 


ALE I Delay from 
2XWCLK i 


Irf 


30 


100 


30 


80 


30 


70 


ns 


Cl = 50 pF 


ALE Width 


tfiw 


'/^tc,K 




VatcLK 




VatcLK 




ns 


Cl = 50 pF 


ALE Low Width 


tRL 


tcLK + 30 




tcLK + 30 




tcLK + 30 




ns 





Display Cycle 



(GDC«->Display Memory) 





Symbol 


7220D Limits 


7220D-1 Limits 


7220D-2 Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Conditions 


Video Signal Delay 
from 2XWCLK T 


tvD 




150 




120 




100 


ns 


Cl = 50 pF 



Input Cycle 


GDC^Display Memory) 
















Symbol 


7220D Limits 


7220D-1 Limits 


7220D-2 Limits 


Unit 




Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Conditions 


Input Signal Setup to 
2XWCLK T 


tps 


30 




20 




15 




ns 




Input Signal Width 


tpw 


fcLK 




tcLK 




tcLK 




ns 





Clock 


(2XWCLK) 


















Symbol 


7220D Limits 


7220D-1 Limits 


7220D-2 Limits 


Unit 


Test 


Parameter 


Min 


Max 


Min Max 


Min 1 Max 


Conditions 


Clock Rise Time 


tcR 




20 


20 




20 


ns 




Clock Fall Time 


tcF 




20 


20 




20 


ns 




Clock High Pulse Width 


tcH 


105 




80 


70 




ns 




Clock Low Pulse Width 


tcL 


105 




80 


70 




ns 





Clock Cycle 


tcLK 


250 


2000 


200 2000 


180 


2000 


ns 
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Microprocessor Interface Write Timing 



Display IMemory Display Cycle Timing 



AO: Invalid "t Valid ; j ^lnvalid X Va"'' 

WR: \ZZlf 



DB0~7 ; Invalid | "^ [ Valid 



■Microprocessor Interface Read Timing 

A0: 1nvalid X! VaI'd JX '"val'tl ^ C 



« 



High 



Impedance 



/ 



High Impedance 



A16, A17: I 



ALE: 

HSYNC-REF: Sf 

BLANK '^ 

VSYNC 

LCO 3 

CSR 

CSR-IMAGE 

ATT-BLINK-CLC 




Display Memory RMW Timing 



Microprocessor Interface DMA Write Timing 




Ofc^ 



t„„ (WR 1 to HSYNC T ) s tcLK 
t^H (DACK I to HSYNC T ) ^ tc. 



Microprocessor Interface DMA Read Timing 





r — 1„03— -Ht„ — 



High Impedance 



- ( Invalid > '^^nr^^^ 

^ ' ^ T T Impedance 



TIMING WAVEFORMS 
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Display and RMW Cycles (1x Zoom) 



l\3 



Display 
Cycle 




:tdc 



V 



-(^ Output Address V- 



V 



■^ 



/ — V 



"^SX f 35£j, 




Display or RMV^ 
Cycle 



Output Address 



y ( Input Data ) ( Output Data 



2MEKKKmX 



K 

x: 



Output Address 



^ 



HSVNC: 2 . 

BLANK: ^ 



V/EXT SYNC: 



X 



X 



TIMING WAVEFORMS 






Display and RMW Cycles (2x Zoom) 



Zoomed Display 
Cycle 



TJ V 



ADO-15: ^ Output Address \ - 



Zoomed Display 
Cycle 




RMW 
Cycle 



Display or RMW 
Cycle 



— ( Output Address)- 



"V J~ 



- ( Output Address ) - ^ Input Data ) ^ ( Output Data Y Output Address ) 



T3C 



IDC 



IDC 



TIMING WAVEFORMS 




Zoomed Display Operation with RIMW Cycle (3x Zoom) 



ro 



ALE: i./ \_ 



^ Output Address^— 



mc 



^j~ 




A_ r 



- ( Output Address ) - ^ Input Data ^ ( Output Data y- 



-^^Qjtput Address ^^ 



I3c: 



t:: 



TIMING WAVEFORMS 



Light Pen and External Sync Input Timing 



LPEN,- 
EX. SYNC: 



^zd: 



Clock Timing (2XWCLK) 

2XWCLK: 



tcL 



l^st tevel (for AC Tests, except 2XWCLK) 

2.4 2.0 2j> Vc,„ = 2.0 

Miscellaneous : ) j &:Test Point =Xy y " I qb 

0.45 0.8 0.8 V,L = 0.8 



Video Sync Signals Timing 

L 1H >| 

2xwclk:^\^\/\/\/\. y\/\/\y\y\.._y\y\/"...yA/\.-_y\. 

HBLANK:_/ ~~ \ / 

HSYNC: / \ 

ADo.i5:^ < y X - y X X X X — --X— ""1c 

LC(M: y I \ 

1 

U 1H «J 

a«^«=dj[X)c::dqooc::x)ooc::::::::::::::::::::::::::x)C^ 
Lc.M:i^ ^ X ":::-rDC^:::DC 

"""'"^ ^ 

I ' 

I 

Row: ^^ ^ X X X ": :::3C 

VBLANK: | \ / ~~ 

I 

VSYNC: I / \_ 

— ^ ___ .^^^__^^^^_^^^_^_^— ^_— — ^^_^— — ■ 

I 

L ■ 1 V(Frame) »| 



Interlaced Video Timing 



HBLANK:ji__._n_rL___R_rL-_rL_n n n n_n riJ- 

j I I I II'' 

VBLANK: 



<=n r 



VSYNC: 
(Interlace)' 



VSYNC: 
(No Interlace)- 



I I 



TIMING WAVEFORMS 
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Video Horizontal Sync Generator Parameters 



I I 
I I 
1 I 



Video Vertical Sync Generator Parameters 



h 



VFP U— I 



• VBP J 



Cursor— Image Bit Flag 



2 X CCLK 

HBLANK 

HSYNC 

CRS-lmage 



— b| L— tCLK 

JUUUl 



.^r^"L 



-ff iy 



-ifn 



x^Jj 



Image 



TIMING WAVEFORMS 
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VIDEO FIELD TIMING 




HSYNC Output 



BLANK Output 



_n ^ 



Vertical SYNC Unes 



vertical Back Porch Blanked Lines 



■H 



HcM-izontal 
Front Porch - 
Blanking 



Active 
Display 
Lines 



Vertical Front Porch Blanked Lines 



DRAWING INTERVALS 



DMA REQUEST INTERVALS 





Drawing Interval 



Additional Drawing Interval When 
in Flash Mode 



Dynamic RAM Refresh if Enabled, Otherwise 
Additional Drawing Interval 



DMA Request Interval 



Additional DMA Request Intervals 
When in Flash Mode 




279 



rv) 

00 

o 







\~ 





























—1 








^ 




Terminal 
PtxKessor 




HOC 7220 
GDC 


ALE 


Display 
Memory 






Clock 




DBIN 






























Interface 




DBO-7 




K 


Vkleo 

Shift 

Register 


> 


ADDR/Data 






[' 










. ^ 


V 










Data 




4 






' 




Graphics 

Input 
Devices 


Interface 




A-0, 


k 


Character 

Generator 

ROM 




J 


J 






































Blanking 




Vkleo 
Output 
Circuit 


CRT 
OispUqr 










HSYNC 






DMA 
Control 


DRQ 


PACK. 


VSYNC 






AODR 


LPEN 


- 
















RAM 














UghtPen 
Delect 
Ciicuit 












"* 




1 . 














1 










ROM 




Serial 
Commu- 
nteatlons 






Host 
Computer 




1 


















1 
1 
















Mass 

Storage 

Disk 


Controller 




Parallel 
Interface 












1 










1 

_l 










BLOCK DIAGRAM OF A GRAPHICS TERMINAL 













7^°° 



-V 



^ 



00 



COL 
MUX 
ROW 



)^C=' 



7^^ 



^^ 



Shift I 

Registers 



3^ 



-J^ 



rft- 



F 



> 



3^ 



J 



=I)t^- 



^ 



iE 



m 



LA 

rV 



Line 
Counter 



Cliar 
Gen 



^^)l!F^=M^ 



Attri 
Logic 



:<*>: 



h 



3^ 



ADR 



JT 



Video 
Amp 



m 



Character 
_». Video 
Output 



MULTIPLANE DISPLAY MEMORY DIAGRAM 



STANDARD MICROSYSTCMS 



35 Marcus Blvd.. Hauppauge, N.Y. 11788 
516)273-3100 TWX-510-227-8898 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions- consequently complete information sufficient for construction purposes is not necessarily given. Ttie 
information fias been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such Information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
^RTO^^^^^^ 



CRT 8002 

)U, PC FAMILY 



CRT Video Display Attributes Controller 

Video Generator 

VDAC™ 



FEATURES 

D On chip character generator (mask programmable) 

128 Characters (alphanumeric and graphic) 

7x11 Dot matrix block 
n On chip video shift register 

Maximum shift register frequency 
CRT 8002A 20MHz 
CRT8002B 15MHz 
CRT8002C 10MHz 
Access time 400ns 
D On chip horizontal and vertical retrace video blanking 
n No descender circuitry required 
D Four modes of operation (intermlxable) 

Internal character generator (ROM) 

Wide graphics 

Thin graphics 

External inputs (fonts/dot graphics) 
n On chip attribute logic— character, field 

Reverse video 

Character blank 

Character blink 

Underline 

Strike-thru 
D Fouron chip cursor modes 

Underline 

Blinking underline 

Reverse video 

Blinking reverse video 
D Programmable character blink rate 
D Programmable cursor blink rate 



PIN CONFIGURATION 



VIDEO 


Id 


LD/SH 


2CI 


VDC 


3C 


A0 


4C 


A1 


5C 


A2 


6CI 


A3 


7C 


A4 


8C 


A5 


9[Z 


A6 IOC 


A7 lie 


Vcc 12 C 


R2 


13[Z 


R3 


14 C 




D 28 RETBL 


Z2 27 CURSOR 


ID 26 MS0 


I] 25 MSI 


I] 24 BLINK 


I] 23 V SYNC 


13 22 CHABL 


Z2 21 REVID 


D 20 UNDLN 


I] 19 STKRU 


Zl 18 ATTBE 


■3 17 GND 


I] 16 R0 


ID 15 R1 



n Subscriptable 

D Expandable character set 

External fonts 

Alphanumeric and graphic 

RAM, ROM, and PROM 
D On chip address buffer 
D On chip attribute buffer 
D + 5 volt operation 
D TTL compatible 

n MOS N-channel silicon-gate COPLAMOS® 
D CLASP® technology— ROM and options 
D Compatible with CRT 5027 VTAC® 



process 



The SMC CRT 8002 Video Display Attributes Controller 
(VDAC) is an N-channel COPLAMOS® MOS/LSI device 
which utilizes CLASP® technology. It contains a 
7X11X128 character generator ROM, a wide graphics 
mode, a thin graphics mode, an external input mode, 
character address/data latch, field and/or character 
attribute logic, attribute latch, four cursor modes, two 
programmable blink rates, and a high speed video 
shift register. The CRT 8002 VDAC™ is a companion 
chip to SMC's CRT 5027 VTAC. Together these two 
chips comprise the circuitry required for the display 
portion of a CRT video terminal. 

The CRT 8002 video output may be connected directly 
to a CRT monitor video input. The CRT 5027 blanking 
output can be connected directly to the CRT 8002 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 
Four cursor modes are available on the CRT 8002. 
They are: underline, blinking underline, reverse video 
block, and blinking reverse video block. Any one of 
these can be mask programmed as the cursor func- 
tion. There is a separate cursor blink rate which can 
be mask programmed to provide a 15Hz to 1 Hz blink 
rate. 



General Description 

The CRT 8002 attributes include: reverse video, char- 
acter blank, blink, underline, and strike-thru. The 
character blink rate is mask programmable from 7.5 Hz 
to 0.5 Hz and has a duty cycle of 75/25. The underline 
and strike-thru are similar but independently con- 
trolled functions and can be mask programmed to any 
number of raster lines at any position in the character 
block. These attributes are available in all modes. 



In the wide graphic mode the CRT 8002 produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby provid- 
ing for 256 unique graphic symbols. Thus, the CRT 
8002 can produce either an alphanumeric symbol or 
a graphic entity depending on the mode selected. 
The mode can be changed on a per character basis. 

The thin graphic mode enables the user to create sin- 
gle line drawings and forms. 

The external mode enables the user to extend the on- 
chip ROM character set and/or the on-chip graphics 
capabilities by inserting external symbols. These ex- 
ternal symbols can come from either RAM, ROM or 
PROM. 



283 



MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range 0°C to ->- 70°C 

Storage Temperature Range -55°Cto +150°C 

Lead Temperature (soldering, 10 sec.) — +325°C 

Positive Voltage on any Pin, with respect to ground -t-8.0V 

Neqative Voltaqe on any Pin, with respect to ground -0.3V 

"'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or at any other condition above those indicated in the operational 

sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 

the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 

exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output, if this possibility 

exists it is suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= + 5V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 
Low-level, V.l 
High-level, V,H 


2.0 




0.8 


V 
V 


excluding VDC 
excluding VDC 


INPUT VOLTAGE LEVELS-CLOCK 
Low-level, V,,. 
High-level, V|h 


4.3 




0.8 


V 
V 


See Figure 6 


OUTPUT VOLTAGE LEVELS 
Low-level, Vql 
High-level, Voh 


2.4 




0.4 


V 
V 


loL = 0.4mA, 74LSXXIoad 
loH=-20^ 


INPUT CURRENT 
Leakage, II (Except CLOCK) 
Leakage, II (CLOCK Only) 






10 
50 


/uA 


0<V,N<Vcc 
0<V,N<Vcc 


INPUT CAPACITANCE 
Data 
LD/SH 
CLOCK 




10 
20 
25 




PF 
PF 
pF 


@1MHz 
(SI MHz 
(SI MHz 


POWER SUPPLY CURRENT 
Ice 




100 




mA 




A.C. CHARACTERISTICS 












See Figure 6, 7 













SYMBOL 


PARAMETER 


CRT 8002A 


CRT 8002B 


CRT 8002C 


UNITS 


MIN. 


MAX. 


MIN. 


MAX. 


MIN. 


MAX. 


VDC 


Video Dot Clock Frequency 


1.0 


20 


1.0 


15 


1.0 


10 


MHz 


PWu 


VDC-HighTime 


15.0 




23 




40 




PS 


PWl 


VDC-LowTime 


15.0 




23 




40 




ns 


tcY 


LD/SH cycle time 


400 




533 




800 




ns 


tr.t, 


Rise, fall time 




10 




10 




10 


ns 


tsET-UP 


Input set-up time 


^0 




^0 




^0 




ns 


thOLD 


Input hold time 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 



SYMBOL 



NAME 



INPUT/ 
OUTPUT 



FUNCTION 



1 



VIDEO 



Video Output 



The video output contains the dot stream for the selected row of the alpha- 
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 
In the alphanumeric mode, the characters are ROM programmed into the 
77 dots. (7X11) allocated for each of the 128 characters. See figure 5. The top 
row (R)o) and rows R12 to R15 are normally all zeros as is column 07. Thus, the 
character Is defined m the box bounded by hi to hi i ana i;0 to Ub. wnen a row 
of the ROM, via the attribute logic, is parallel loaded into the 8-bit shift-register, 
the first bit serially shifted out is C7 (A zero; or a one in REVID). It is followed 

byC6, 05, through 00. 

The timing of the Load/Shift pulse will determine the number of additional 

( , zero to N) backfill zeros (or ones if in REVID) shifted out. See figure 4. 

When the next Load/Shift pulse appears the next character's row of the ROM, 
via the attribute logic, is parallel loaded Into the shift register and the cycle 
repeats. 



LD/5FT 



Load/Sfirft 



The 8 bit shift -regi ster paratlel-in load or serial-out shift modes are established 
by the Load/Smft input. When low, this input enables the shift register for 
serial shifting with each Video Dot Clock pulse. When high, the shift register 
parallel (broadside) data inputs are enabled and synchronous loading occurs 
on the next Video Dot Clock pulse. During parallel loading, serial data flow 
is inhibited. .The Add ress/ Data inputs (A0-A7) are latched on the negative 
transition of the Load/Shift input. See timing diagram, figure 7. 



VDC 



Video Dot Clock 



Frequency at which video is shifted. 



4-11 



A0-A7 



Address/Data 



In the Alphanumeric Mode the 7 bits on inputs (A0-A6) are internally decoded 
to address one of the 128 available characters (A7 = X). In the External Mode, 
A0-A7 is-used to insert an 8 bit word from a user defined external ROM, PROM 
or RAM into the on-chip Attribute logic. In the wide Graphic Modes A0-A7 Is 
used to define one of 256 graphic entities. In the thin Graphic Mode A(J-A2 is 
used to define the 3 line segments. 



12 



Vcc 



PowerSupply 



PS +5 volt power supply 



13,14,15.16 



R2,R3,R1,R0 



Row Address 



These 4 binary inputs define the row address In the current character block. 



17 



GND 



Ground 



GND 



Ground 



18 



ATTBE 



Attribute Enable 



A positive level on this input enables data from the Reverse Video, Character 
Blank, Underline, Strike-Thru, Blink, Mode Select 0, and Mode Select 1 inputs 
to be stro bed into the on-chip attribute latch at the negative transition of 
the Load/ Shift pulse. The latch loading is disabled when this input is low. 
The latched attributes will remain fixed until this input becomes high again. 
To facilitate attribute latching on a character by character basis, tie ATTBE 
high. See timing diagram, figure 7. 



19 



STKRU 



Strike-Thru 



When this input is high and RETBL = 0, the parallel inputs to the shift register 
are forced high (SR0-SR7), providing a solid line segment throughout the 
character block. The operation of strike-thru is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru 
decoder (mask programmable) logic allows the strike-thru to be any number 
or arrangement of horizontal lines in the character block. The standard strike- 
thru will be a double line on rows R5 and R6. 



20 



UNDLN 



Underline 



When this input is high and RETBL = 0, the parallel inputs to the shift register 
are forced high (SR0-SR7), providing a solid line segment throughout the 
character block. The operation of underline is modified by Reverse Video 
(see table 1). in addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 
program the underline to be 1 to N raster lines high. Actually, the underline 
decoder (mask programmable) logic allows the underline to be any number 

















or arrangement of horizontal lines in the character block. The standard under- 
line will be a single line on R11. 


21 


REVID 


Reverse Video 


1 ' When this input is low and RETBL = 0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data 
into the Attribute Logic is inverted and then presented to the shift register 
parallel inputs. This operation reverses the data and field video. See table 1. 


22 


CHABL 


Character Blank 


1 When this input is high, the parallel inputs to the shift register are all set low, 
: providing a blank character line segment. Character blank will override blink. 
The operation of Character Blank is modified by the Reverse Video input. 
See table 1. 


23 


VSYNC 


VSYNC 


1 


This input is used as the clock input for the two on-chfp mask programmable 
blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the 
character blink rate (75/25 duty cycle). The divisors can be programmed from 
-f- 4 to -^ 30 for the cursor ( -4- 8 to -r 60 for the character): 


24 


BLINK 


Blink 


1 


When this input is high and RETBL = and CHABL = 0, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 
character blink rate is 1.875 Hz. 


25 
26 


MSI 
MS0 


Mode Select 1 
Mode Select 






These 2 inputs define the four modes of operation of the CRT 8002 as follows: 
Alphanumeric Mode— In this mode addresses A0-A6 (A7 = X) are in- 
ternally decoded to address 1 of the 128 available ROM characters. The 
addressed character along with the decoded row will define a 7 bit output 




MSI 


MS0 


MODE 






1 
1 




1 

1 



Alphanumeric 
Thin Graphics 
External Mode 
Wide Graphics 


from the ROM to be loaded mto the shift register via the attribute logic. 
Thin Graphics Mode- In this mode A0-A2 (A3-A7 = X) will be loaded 
into the thin graphic logic along with the row addresses. This logic will 
define the segments of a graphic entity as defined in figure 2. The top of 
the entity will begin on row 0000 and will end on a mask programmable row. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


25 
26 

(cont.) 








External Mode - In this mode the inputs N}-k7 go directly from the 
character latch into the shift register via the attribute logic. Thus the user 
may define external character fonts or graphic entities in an external 
PROM, ROM or RAM. See figure 3. 

Wide Graphics Mode-ln this mode the inputs A0-A7 will define a graphic 
entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R0 to R3. In 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires 1 byte 
of memory. 
These 4 modes can be intermixed on a per character basis. 


27 


CURSOR 


Cursor 


1 


When this input is enabled 1 of the 4 pre-programmed cursor modes will be 
activated. The cursor mode is on-chip mask programmable. The standard cur- 
sor will be a blinking (at 3.75 Hz) reverse video block. The 4 cursor modes are: 

Underline-In this mode an underline (1 to N raster lines) at the programmed 

underline position occurs. 

Blinking Underline— In this mode the underline blinks at the cursor rate. 

Reverse Video Block— In this mode the Character Block is set to reverse 

video. 

Blinking Reverse Video Block— In this mode the Character Block is set to 

reverse video at the cursor blink rate. The Character Block will alternate 

between normal video and reverse video. 

The cursor functions are listed in table 1 . 
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RETBL 


Retrace Blank 


1 


When this input is latched high, the shift register parallel inputs are uncon- 
ditionally cleared to all zeros and loaded into the shift register on the next 
Load/SJhift pulse. This blanks the video, independent of all attributes, during 
horizontal and vertical retract time. 



TABLE 1 



CURSOR 


RETBL 


REVID 


CHABL 1 


UNDLN* 


FUNCTION 


X 


1 


X 


X 


X 


"0" S.R. All 

















D (g.R.)All 














1 


"1" (S.R.)* 
D (S.R.) All others 











1 


X 


"0" (S.R.) All 








1 








D (S.R.) All 








1 





1 


"0" (S.R.)* 
D (S.R.) All others 








1 


1 


X 


"1" (S.R.) All 


Underline* 











X 


"1" (S.R.)* 
D (S.R.) All others 


Underline* 








1 


X 


"1" (S.R.)* 

"0" (S.R.) All others 


Underline* 





1 





X 


"0" (S.R.)* 
D (S.R.) All others 


Underline* 





1 


1 


X 


"0" (S.R.)* 

"1" (S.R.) All others 


Blinking** Underline* 











X 


"1" (S.R.)* Blinking 
D (S.R.) All others 


Blinking** Underline* 








1 


X 


"1" (S.R.)* Blinking 
"0" (S.R.) All others 


Blinking** Underline* 





1 





X 


"0" (S.R.)* Blinking 
D (S.R.) All others 


Blinking** Underline* 
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1 


X 


"0" (S.R.)* Blinking 
"1" (S.R.) All others 


REVID Block 














D (S.R.) All 


REVID Block 











1 


"0" (S.R.)* 
D (S.R.) All others 


REVID Block 








1 


X 


"1" (S.R.) All 


REVID Block 











1 


"0" (S.R.)* 
D (S.R.) All others 


REVID Block 





1 








D (S.R.) All 


REVID Block 





1 





1 


"1" (S.R.)* 
D (S.R.) All others 


REVID Block 





1 


1 


X 


"0" (S:R.)A1I 


Blink** REVID Block 
















' 


Blink** REVID Block 
Blink** REVID Block 












1 


1 

X 




Alternate Normal Video/REVID 


Blink** REVID Block 





1 










At Cursor Blink Rate 


Blink** REVID Block 





1 





1 






Blink** REVID Block 





1 


1 


X 




L 



* At Selected Row Decode * * At Cursor Blink Rate 
Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 
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FIGURE 5 
ROM CHARACTER BLOCK FORMAT 
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ggggggg 


ggdBBdd 


OGBOOBO 
BOOBOOa 










■gSSSao 


DBBSDBO 

esssss 


!§§§§§§ 


IgSSgog 


OOOBBGD 


ill 


§B§§8§§ 


SSSSSSE 


SSggSbS 


ogggDBG 


§i§G§SB 


gggngg 


8880888 


Bgbbggg 


dodBBBd 




_ 




R11 


•ODDoaa 


aooDOBa 


aonaoDD 


GODDnao 


GGGGDDQ 




aooaooG 


GGGGGGG 


GGGOOGG 


GBBBBPG 


GDDDGOG 


ODDnnoD 


0888880 


8800000 


□odddBd 


8000808 





CONSUL I hAUIUKY hUR UUSTOM FONT AND QPTiON PROGRAMMING FORMS. 
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5 BITS** NBITS** 



FIGURE 1 

WIDE GRAPHICS MODE 

MS0=0 IVIS1=0 



*0N CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 

*CAN BE PROGRAMMED FROM 1_T0 7 BITS 

* LENGTH DETERMINED BY LD/SH, VDC TIMING 



EXAMPLE: 10010110 



mm. 






Wm 




'Wm 


ww^^. 





C7 C6 C5 C4 C3 C2 CI Cj3f BF BF- 

L 




BF = back fill 



FIGURE 2 
THIN GRAPHICS MODE 



MS0=0 MS1=1 



X- DON'T CARE 

■ THE INSIDE SE5MENT IS MASK PROGRAMMABLE 

TO ROW 0000 
•■ LENGTH DETERMINED BY LD/SH, VDO TIMING 



C7 C6 C5 C4 C3 C2 C1 C^ BF BF . 



R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

Rljef 

R11 

R12 

R13 

R14 

R15 



v\ 



A0 



NOTE 

V77777. 



'/7MZ 



I 



'A 



I 



NOTE; When A1 ="1", the underline 
row/ rows are deleted. 
When A1 = "0", the underline, 
If selected, will appear, 

BF = back fill 







FIGURE 3 
EXTERNAL MODE 

MS0 = 1 MS1=0 




R0, 


-R15 


C7 C6 C5 C4 C3 C2 C1 


C0 BF BF •■■ 




A7 


A6 


A5 


A4 


A3 


A2 


A1 


A0 


A7 


A7 








BF = backfil 
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FIGURE 4 TYPICAL VIDEO OUTPUT 



12 3 4 



LD/SH 




9 DOT FIELD 



NOTE: C, 

X = character number 
y = column number 



7404 C 7404 

VIDEO DOT — 
CLOCK 



74160 
DOT 
COUNTER 

(-N) 
CP 



CHARACTER CLOCK 



MICRO- 
PROCESSOR 



ADDRESS BUS 



CONTROL BUS 



H 



RAM & ROM 
(FOR yP) N- 



BI-DIRECTIONAL DATA BUS 8 



ADDRESS BUS 4 



PAGE 
LOGIC 



CHIP SELECT 



DATA STROBE 



rr^ 



8 CHARACTER COLUMN 



<^ 



6 CHARACTER ROW 



CHARACTER 

ADDRESS 

BUS 



DCC 

DB0-7 

A0-3 

CS 

DS 

H0-7 

DRf(-5 



HSYNC 
VSYNC 
CSYNC 

VTAC 
CRT 5027 BL 



SYNC 
BLANKING 



SELECTOR 

WITH 
OPTIONAL 
MEMORY 
MAPPING 
CIRCUIT 
(IF REQUIRED) 



S 



•2-PORT RAM 

1Kx8T04Kx8 

CHARACTER 

FRAME 

BUFFER 



DATA 

BUS 

ATTRIBUTES 



n 



RASTER 

SCAN 

COUNTER 



VOAC 
CRT 8002 



BLANKING 
SERIAL 



■OR 1 PORT RAM 
WITH BI-DIRECT 
PORT 



TIMING 

FROM 

DOT COUNTER 

OR 

CHARACTER 

CLOCK 



CRT 5027 VTAC 

CRT 8002 VDAC 

fjP CONFIGURATION 



FIGURE 6 



CP, 






soon 



•VDC(tochip) 



LOAD/SHIFT, 



CLK Q 

74S74 
D 



LD/SH (to chip) 
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STANDARD MICROSYSTEMS 



CRT 8002-001 

(KATAKANA) 

CODING INFORMATION 



CRT Video Display-Controller 
Video Generator VDAC " 



liLu po 

DDoaSoo 



gsssg 

QQQQC 



aaQDBGD 
DDOOOaO 



■■■■■■ 
aBDHpa 
aaaaaD 

gsgsgg 



||S|S! 



soadDoa 

■ODDaac 



■SoBS 



isi 



ggggsss 



ggilggi 



la'gS; 
lSg[ 

IQQC 
iaD£-_ 

ISSSE 



:gssggs 

aaoQQaa 
anaooaa 



□DaaoBG 

gggssig 

aaaggaa 
oadoaao 

sssss:s 



SSSoSE 



■■■■■OD 

slglsss 



ssggg 



glMS 



iggggg: 

aDODODa 
aaaaaaa 



ssss 



gglgggg 
ggsgggg 

aaaoaoa 



oaaQOOD 
BogoagD 

DooSaoo 

DDcaSoa 

ODOOODD 



ooaaDoo 

□ODOODO 



sssssss 
gsgggg: 

§gg||S| 

gggsgi 



aaaaaaa 

Zgggpss 

aaaai 



ssss^ 



aaDGDoa 



SSBS 



SSSil 



aaaaaaa 



DaDOODO 

aQoaoDD 
Dooaaoc 



WIDE GRAPHICS MODE 



C7 C6 C5 C4 C3 C2 CI C0 BF BF- 




BF = back fill 



THIN GRAPHICS MODE 

C7 Ce C5 C4 C3 C2 C1 C0 BF BF ... 



^^^ 77777/, 



2a2 



NOTE: When A1 = "1", the underfin 
row/ rows are deleted. 
When A1 = "O", the underlin 
if selected, will appear 



ATTRIBUTES 
Underline Blink Rate 

Underline will be a single horizontal line at row R11 The character blink rate will be 1.875 Hz 

Cursor Strike-Thru 

Cursor will be a blinking reverse video block, blinking at 3.75 Hz The strike-thru will be a double line at rows R5 and R6 
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STANDARD MICROSYSTEMS 



CRT 8002-003 

(5X7 ASCII) 

CODING INFORMATION 



Video Generator VDAC 



kTM 




Sgi3S|g 

QoaaaDD 

DQDDaaD 



CHDoaoa 

□■■■■GO 
□aODDOD 
■■■■■00 

aaooaDD 

DDOPODD 
OOOOODO 



0000000 
OOOOOQD 



0000000 
OOOOODO 



i:ss:g 



D^DDOO 
■■OOO 



DIDDaO' 



■ ■■■■I 
OOODDGO 



OOOQDOO 
DDOOOOO 



■■■■■DO 

■oaooDo 
ooaoHoo 



ODO^OOO 
0000000 



OOODDDD 
□000000 



ssssss 



SSSSSgE 



:i§§ii 
§§§§§§§ 

oooaooo 



■■■■■□D 
■OODIOD 

■ODDBDC 

tzczmzc 

0000000 

oCaaaDD 



issi 






:ggggsB 



SSB 



ig§§ 



'gggggg 



SSSgggi 

Iggggf 



zsssg 



■■■■■DQ 

aaaaooo 



■aoaBOo 

" — :gfi 
igg 



;ggg: 



EgigSl 
SSgS!g 



:oaoo 



■aao^og 

ssiiiig 



s^i§ 



isssii 



■■■■■QQ 

§g§§§g§ 

OQODOOO 









■Qcoaga 

Sssgggg 
ggggggg 



ssfsl 

gggggg 



gggiggg 
gspesg 

ooooSaa 
oSasaaa 



3300000 

iSSi:|g 
'SBiSSs 



liilsl 

ijjSgiSg 

ssissgg 



SSSSI 



■SSSogg 

aaaaooo 

OOODODD 



ocaoocc 

gg:gggg 

OOOODOD 



!SSS 



SgSSg| 

■oooaoo 



:gsiiig 
zissssg 

ooooooo 



ss:ssgg 

OQOQoaa 

DDDOOQO 

Qooanao 



am 
ssss: 
ig:g; 



DDDDDQQ 

SiSSggg 

:ggg:gg 



mm 
:ggg:gg 



ooooooo 
ooooooo 



;gss:sg 
§g§s§§§ 

aODDDOB 



ssgssi^ 

SSSSSSE 



gsssig 



8gsr__ 
gssgggg 

■•■■■go 
ODOOoao 

ooooooo 



ggsg 



ssssssg 



ggggg 



^gssggg 
igggggg 



aaaao 
aaaio 



aaaaaoo 

ODOODDO 

ggggggg 



WIDE GRAPHICS MODE 



THIN GRAPHICS MODE 



C6 C5 C4 C3 C2 CI Cfl 





ATTRIBUTES 
Underline 

Underline will be a single horizontal line at R8 

Cursor 

Cursor will be a blinking reverse video block, blinking at 3.75 Hz 



Blink Rate 

The character blink rate is 1.875 Hz 
Stril(e-Thru 

The strike-thru will be a single horizontal line at R4 
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STANDARD MICROSYSTEMS 



CRT 8002-005 

(ASCII) 

CODING INFORMATION 



CRT Video Display-Controller 
Video Generator VDAC" 



A3.,Af 
M..M 



sSP§§§ 






111! 



m. 



P§s§§| 



yii§§ 



iifgi 

□fiBOOnQ 

I 



ssssiis 



lisi 



ssSssi 



sggpgg 



!§sii 



issssss 



QSabiSu 

ssgssss 



l§§§|t 

lilf 






is 



iPii 

mm 



gggs 



WIDE GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 C1 CB BF BF, 



THIN GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 C1 C8 BF 




Z2 



ilz^ 



Underline 

Underline 
Cursor 

Cursor wil 



will be a single horizontal line at R12 
I be a reverse video block 



ATTRIBUTES 

Blink Rate 

The character blink rate is 1.875 Hz 

Strike-Thru 

The strike-thru will be a double line at rows R5 and R6 
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STANDARD MICROSYSTEMS 



CRT 8002-011 

(ASCII) 

CODING INFORMATION 



UK I viaeo uispiay-uontroiier 
Video Generator VDAC " 



;ii 



SgHS 



MfaDOQ 



■oStDDC 



SiSSlSS 



lifif 



iSI^Sl 






ttiSfli 






on«Daon 

mm 



oaaoDi 
□ooooi 



laoo 



□onacoa 



anaoana 

SaSqnao 

noagono 

Saaoana 
□□DoaS 
oaoDnan 

OOOOOOQ 



piipl 



SSSSHgg 

oScnloa 



SSoSnSS 



gggiii 

iilii 



psss 
Issssg 



lOOC 

Iggg 



ggsiggg 

Dfooaoa 



aoSSS^B 






Daoi 
aooi 



ISS80 



iisii 



SaaaaSn 



QSMffO 






aauoooc 
aooQQ^ 



mooo^ 






lsgg 



ggSSgL 

ogoaooi 
oonaaoi 



aaoQCMa 






loooSoi 



sgsjyg: 

Sai^naa* 

'gsssr' 



aoaooaa 

ancnana 



aoESaoha 



loooooa 
ic^Qoooa 

looaSoa 
onoano 
-loooaaii 
aoaoaga 



Xa^oSS 

ssssssg 



jnoaoaa 



8SSKS8 



aoooooi 

sssssss 



amooDa 

SSoDcsaa 



grg^s! 



odSoo 



QCOOOOO 

ooooooa 









agogome 



□GCm^l 



aoooacKS 



iioocio^ 



aoaoQQi 
aaaaaoi 
aoDoaai 
aoaoaii 






aooSaSo 

tO*D 

waa 



aaooSaa 



ssssssg 



□aai 



^1 



BoaaoSa 



^S8aa 



oSooSoo 

QOCnOOQ 



00«0i 



Doooaac 

OOODODO 



DB0080G 

aonaooa 
oomSStio 

ooooocn 



WIDE GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 CI Ca BF BF 



THIN GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 C1 CB BF 




kzz/zz/ 

/ 
/ 
/ 
/ 
/ 



A 



Underline 

Underline will be a single horizontal line at R11 

Cursor 

Cursor will be a blinking reverse video block, 

blinking at 3.75 Hz 



ATTRIBUTES 

Blink Rate 

The character blink rate is 1.875 Hz 
Strii(e-Thru 

The strike-thru will be a double line at 
rows h5 and h6 
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STANDARD MICROSYSTEMS 
CORPORATION.^ 



CRT 8002-018 

(5X7 ASCII) 

CODING INFORMATION 



CRT Video Display-Controller 
Video Generator VDAC " 



^..^^«. 


1 


0000 


0001 


oou 


001 , 


Qiqo 


0,01 


„l 


0„, 


,000 


1001 


1010 


1011 


11X 


1101 


,110 


„11 


«.>-^t 


C6...C0 


C6...C0 


ce.co 


C6 CO 


C6,..C0 


C6 .CO 


C6...C0 1 


C6..C0 


C6 CO 


C6..C0 


C6..C0 


C6..C0 


C6...C0 


C6..C0 


C6..C0 


C6 CO 




— ' 


jaDODDO 


SSSgfg'g" 


S!!SSS5 


ogSSSSH 


IDBOOBOO 

Bgggggg 
ggggggg 


ggssggg gsssggg 

CaGGOOO GBOOOGG 
OaaBBOO GBGOOOG 

GGOOGGG oaaoooa 
scoonao oggggoo 

GGOOOOG OGGGOOO 

sSSSaSS 2222S2S 


gggiggg 


g'SSBBBB 


ggggggg 


nnanDGD 


BiSiGGG 




aaaoaGG 


ggggggg 


^m 


000 




OODDOnD 

Qoanooo 
aoaaDOD 
oooaooa 
ODoaaco 


IBDDBOD 

lanoBOO 
iaaaaoo 
aoaanoa 


g:::;sg 

iKSggg 

ggggggg 


£:::ggg 
gg::ggg 
ggg? gg 
ggggggg 


■■■■■oo 

DODGOOO 
ggggglg 


IB88BOO 

ggigggg 
ggggggg 
asHHSsa 


IIII 

igggilg 


ggggggg 
ggggggg 
ggggggg 

GODOaGD 


ggggggg 

BBgBBBB 

□DDOGGG 


gggggSB 
ggggggg 


ggggggg 

ggggggg 


naoaocD 

ggggggg 
iiiiig 


OGBGCGG 

oggcgBB 

OgGGG=2 






aOODODD 






□DOOOCD 


OOOOOOO 




UUSJUIJUU ) 


















001 




DaaaoQO 
anoaaoa 

BSSgggg 

aaaaaoQ 

oaoocac 
anaanno 


^OBDOCO 

ESUSSg 

3naaoDD 

DOQDaOO 


^S'gggc 

DoSoDDD 

ggggli 

DnnDona 


gggsggg 
ggggggg 

2g?3ggg 

igggggg 

CODOOOD 
OODOOaD 


DoaaDoa 
ooaaooo 

igggggg 
isissgg 
ggggggg 
ggggggg 


ggggggg 
ggggggg 
ggggggg 

aaaaaoo 

OOGCOOO 

ggggggg 


BOOOBGG 

BOOOaOG 

ill 

ggggggg 

OOOOOOO 


ggggggg 
ggggggg 

ggggggg 

aonoooD 


^gggii 

■GOOBGG 

;ggggi§ 


ggggggg 
ggggggg 
ggggggg 

aaaaaco 

ggggggg 
ggggggg 


ggggggg 

iiiis 


gggiiig 

ggggsgg 


ggggggg 

ggggii 
ggggggg 


gggggi 
Igggggg 

lllllll 

OaOOGCQ 


ggggggg 

■•COGGG 
ggggggg 
ggggggg 

IIII 


CCGGBZC 

aaiaaGc 

OBOCGGG 

SoGG§c5 

giiil 


0,0 


H, 
B,, 


COODDOO 
OOQDDOO 
OCDDDDO 

noaaooa 
DDaDoao 

ggggggg 
ggggggg 


ooaoDoo 

gB:gggg 
ggsgggg 
ggggggg 
ggggggg 


g;g:§gg 

aoaaaoo 

OOOOOOD 

onnaooo 
ooooooo 


BBBBBOa 
OBDBOOC 

aaBBBDO 

OBCBOOO 
OaOBCQO 

soonnon 
□coooao 

ggBSg§§ 


ggigggg 
ggggggg 

ooooaoD 


ggggggg 
ggggggg 
ggggggg 

ggggggg 


acaooGG 

ggggggg 

aoaoaoc 

ggggggg 

aODQGOO 
OOOOOOO 


ggggggg 

OOGOOOG 

ggggggg 

gill 


ggggggg 
goBGGOC 

sggggli 


ggggggg 
ggggggg 

GGBGOnO 


gggggoB 

QS^^GGO 

■D«3^Gg 

OO^GGGG 

aanaaOG 


sb:B"BB 

aaaaicn 

gggii 

gSSSGgg 

ggggggg 


ggggggg 

igggggg 

ggggggg 
ggggggg 


asaaBGO 

igggggg 
ggiiili 


ODGGGGC 
OCCODCO 

DOGOGna 

GOaOGGG 

ggggggg 
iiiii 


ggggssg 

ggggggi 


on 




i;s:sgg 

acaoaDc 
Bna::a3G 

OBBBOaO 
DDDOOOg 


§;;§§§§ 
liiiii 

iiii 


DBConac 

BOQOOOO 

aaaaaoa 
ooDOoao 

OOCOOOD 

ggggggg 


aBBBBQG 

gg§:ggg 

BCOOSOO 

caaaaoG 
nacooDD 

ggggggg 
ggggggg 


gsggggg 

BBBBBGC 
aGGBGQG 
OGDBGGl 

IIII 


aaBBBGG 

ggggggg 
ggggggg 
ggggggg 

DDDQoan 


ggggggg 
ggggggg 

GaOGOGG 

gggg"gg 


ggggggg 
ggggggg 

oaooooo 

■OODOOO 

ooaaooD 

GGDGOGG 
ggggggg 


ggggglg 

ggslig 


ggggggg 
ggggggg 
ggggggg 

ggggggg 
ggggggg 


ggggggg 
ggggggg 
ggggggg 
ggggggg 


ggiiii 
ggggggg 


ggggggg 
ggggggg 
ggggggg 
ggggggg 
ggggggg 


ggggggg 
■■ggggg 
ggggggg 

ggggggE 
ggggggg 


ggggggg 
ggggg§g 

oaoocoS 

GGOGaOO 
GGGGGCD 


iiliPi 
igliii 

ggaaaaa 

ggggill 




' 






aaaaoac: 


DBBBGOG 


■•■•GOn 


■■■■■GO 


ggggggg 

■gggggi 


ggggggg 
ggggggg 
ggggggg 


•oGoacc 


SBBBGCg 


ggggggg 




ggggggg 


asaoBDG 




,x 


R, 


SsSSSgg 


BLsaoaoG 
BBBBaac 

BLIGCBQC 


isssigg 

BOOOBOO 


iiiii 


iiii 

BBBBGGC 


■■■■GGG 
■■■■■GO 


aaaaaoG 

BGGOaClG 
aGGGBC:C 


OGBDnOC 
GGBDCGC 

oaaaaGO 

ggggggg 
Igggggg 


ggggggg 
ggggggg 


ggggglg 


aooGooo 

ggggggg 
ggggggg 


ggggggg 
ggggggg 


BODBBGO 


■OOGaGG 
■GOGSCC 

aa^^GGG 


R„ 


sgagsBS 
ggggggg 




oooaoDO 
ooDocon 


gg=c"2g 

ggggggg 


ill 


ggggggg 
ggggggg 


ggggggg 
ggggggg 


IIII 


BdggBBB 

ooooocn 


ggggggg 


ogggg5g 
ggggggg 


ggggggg 
ggggggg 


iiigg 


oaaoDOG 

OOoSoDD 


GoaoCGG 

iiiii 


10, 


R,, 


arBBogo 

iiiilgl 
iiiiill 


BC^OBOC 

Biigl| 
IIII 


acooBcc 
Ba8Bo:]c 
BL;aoo::c 

:gggS5£ 
ggggggg 

ggggggE 


B^^GBOC 

32gG2ac 

^iiiiSB 


cc:ao=G:: 

gg:gggg 
ggggggg 
ggggggg 

gggggi 


ggggggg 
ggggggg 
ggggggg 

oaGDnac 


gssggss 

ggggggg 
lllllll 


ggggggg 
ggggggg 
ggggggg 

GOaOGGD 


obob=:g:i 

::3aocGG 

ggggggg 
ggggggg 

OOOGODG 

oonoooG 

ggggggg 


ggggggg 
ggggggg 

acaoc=c 

Igggilg 
ggggg|§ 


ggggggg 
ggggggg 
ggggggg 
ggggggg 
ggggggg 


ggggggg 

Sgsssas 
ggggggi 

aB8aB:::o 
c5=5=Gc 

OGGGCCC 


ggggggg 

gBBgggg 

ggigggg 


ggggggg 

uczmuzc 

Bdobbg: 
cooaaoc 
aaaaaGC 

GG3^D3= 

iigiili 


GaoioGG 

ggggggg 

GGQOCOG 

oaaococi 

ggggggg 


iiii 
ggggggg 

gnnRR=G 


„0 


I 


iiilii 

OD3DOaC 

gggggge 

ggggggE 


Sogggg: 


:sgiig^ 
:sgg:gE 
ggggggg 

ggggggE 


□CGOOQC 

iiiiiii 

::■■■■[:: 

gggggg: 
ggggggg 


giiiigE 

ggggggi 
gggggg 


8::ggbgc 

iilgggE 

GGOOaDO 


ggggggg 
ggggggg 

Goaoonc 

ggggggg 
ggggggg 
ggggggg 


ggggggg 
ggggggg 
ggggggg 
ggggggg 
ggggggg 

DOGGGOD 


ggggggg 
ggggggg 

ggggggE 

GCGOCO: 


IIII 


ggggggg 

ggggggE 

a^^GGoa 
aooaoGG 

GODGGDD 
OOGOGGC 


aaaccGr 

gBSBggE 
ggggggi 


□G^GGO: 

liggggE 

ggggggE 

ggggggg 


ggggggg 
ggggggg 
ggggggg 
iiiii 

aaaaoac 


ggggggg 
ggggggg 

iigi 

OQOOOOC 


O^UGGr 

ooaaOGG 
GoaaGGG 
aaaoogo 






S£SS°gn 




ggssggs 




eaaaG::^ 


ggggggg 


ggggggg 


BCOGBGL 


cobggcc 
Boonacc 


ggggggg 
ggggggg 
ggggggg 

BBBBOGC 


GGogggg 


ggggggg 


i^aaoGoc 


°P=sPPP 


ggggggg 


ggggggg 


,„ 






CaODBOC 


rgggggg 
ggggggi 


ggggSlE 
ggggggg 


ggggggg 
ggsgggg 

GGGOCCC 


SggggEc 


ggggggg 

ggggggE 


ggggggg 

oBcanoc 


ggggggg 
ggggggE 
ggggggg 


GG^OOGG 


ggggggg 
ggggggg 


ggggggE 


OOGGGOC 

aoaaGoa 

OOOOGOG 
OOGGGDa 


gggggil 

Hgggggg 




































R11 


Bgggggs 


ggggggsl ggggggg 


BBBBBBE 






ggggggg 


GGoanoc 




ggggggg 













WIDE GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 CI CU 



THIN GRAPHICS MODE 

C7 C6 C5 C4 C3 C2 CI C0 BF 




RIO 
R11 
R12 
R13 
R14 
R15 



i 



ATTRIBUTES 



Underline 

Underline will be a double horizontal line at R7 and R8 

Cursor 

Cursor will be a reverse video block 



Blink Rate 

The character blink rate is 1.875 Hz 

Strike-Thru 

The strike-thru will be a single horizontal line at R4 
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STANI3ARD MICROSYSTEMS 



35 Marcus Blvd., Hauppauge, N.Y. 11788 
(516)273-3100 TWX-510-227-8898 

Cfrcuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible, 
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STANDARD MICROSYSTEMS 



CRT8002H 

JM PC FAMILY 



CRT Video Display Attributes Controlier 

Video Generator 

VDAC™ 



FEATURES 

n On chip character generator (mask programmable) 

128 Characters (alphanumeric and graphic) 

7x11 Dot matrix block 
n On chip video shift register 

Maximum shift register frequency 25 MHz 
D ROM Access time 310 ns 

D On chip horizontal and vertical retrace video blanking 
n No descender circuitry required 
D Four modes of operation (intermixable) 

Internal character generator (ROM) 

Wide graphics 

Thin graphics 

External inputs (fonts/dot graphics) 
n On chip attribute logic— character, field 

Reverse video 

Character blank 

Character blink 

Underline 

Strike-thru 
D On chip cursor 

n Programmable character blink rate 
n Programmable cursor blink rate 
n Subscriptable 
n Expandable character set 

External fonts 

Alphanumeric and graphic 

RAM, ROM, and PROM 



PIN CONFIGURATION 



VIDEO 


Id 


W 


Z] 28 RETBL 


LD/SH 


2C 




Z] 27 CURSOR 


VDC 


3C 




Z] 26 MS0 


A0 


41Z 




Z2 25 MS1 


A1 


5|Z 
6C 




Z] 24 BLINK 


A2 




ID 23 V SYNC 


A3 


7lZ 




Z] 22 CHABL 


A4 


8[Z 




Z] 21 REVID 


A5 


9I~ 




ID 20 UNDLN 


A6 


IOC 




ZI 19 STKRU 


A7 


11 (Z 




Z] 18 ATTBE 


Vcc 


12[Z 




Zl 17 GND 


R2 


13 IZ 




Z2 16 R0 


R3 


14 C 




ID 15 R1 



□ On chip address buffer 

D On chip attribute buffer 

D +5 volt operation 

D TTL compatible 

D N-channel COPLAMOS® Titanium 

Disilicide Process 
D Compatible with CRT 5027/37 VTAC® 



General Description 



The SMC CRT 8002H Video Display Attributes Controller 
(VDAC) is an n-channel COPLAMOS® MOS/LSI de- 
vice. It contains a 7X11X128 character generator ROM, 
a wide graphics mode, a thin graphics mode, an external 
Input mode, character address/data latch, field and/or 
character attribute logic, attribute latch, four cursor 
modes, two programmable blink rates, and a high speed 
video shift register. The CRT 8002H VDAC is a com- 
panion chip to SMC's CRT 5027/37 VTAC®. Together 
these two chips comprise the circuitry required for the 
display portion of a CRT video terminal. 

The CRT 8002H video output may be connected directly 
to a CRT monitorvideo input. The CRT 5027/37 blanking 
output can be connected directly to the CRT 8002H 
retrace blank input to provide both horizontal and 
vertical retrace blanking of the video output. 

The CRT 8002H attributes include: reverse video, char- 
acter blank, blink, underline, and strike-thru. The 
character blink rate is -mask programmable from 7.5 Hz 
to 1.0 Hz and has a duty cycle of 75/25. The underline 



and strike-thru are similar but independently controlled 
functions and can be mask programmed to any number 
of raster lines at any position in the character block. 
These attributes are available in all modes. 

In the wide graphic mode the CRT 8002H produces a 
graphic entity the size of the character block. The 
graphic entity contains 8 parts, each of which is asso- 
ciated with one bit of a graphic byte, thereby providing 
for 256 unique graphic symbols. Thus, the CRT 8002H 
can produce either an alphanumeric symbol ora graphic 
entity depending on the mode selected. The mode can 
be changed on a per character basis. 

The thin graphic mode enables the user to create single 
line drawings and forms. 

The external mode enables the user to extend the on- 
chip ROM character set and/or the on-chip graphics 
capabilities by inserting external symbols. These ex- 
ternal symbols can come from either RAM, ROM or 
PROM. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°Cto +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Klcinati\/p Vnltpnp nn an\/ Pin w/ith rocriorf in nrni inH _n TU 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 
the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 
exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 
In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 
exists it is suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V±5%, unless otherwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 












Low-level, V|l 






0.8 


V 


excluding VDC 


High-level, V|h 


2.0 






V 


excluding VDC 


INPUT VOLTAGE LEVELS-CLOCK 












Low-level, V|l 






0.8 


V 




High-level, V.h 


4.3 






V 


See Figure 6 


OUTPUT VOLTAGE LEVELS 












Low- level, Vol 






0.4 


V 


loL = 0.4mA, 74LSXXIoad 


High-level, Vqh 


2.4 






V 


Ioh = -20/jA 


INPUT CURRENT 












Leakage, U (Except CLOCK) 






10 


M 


0<V,N<Vcc 


Leakage, lu (CLOCK Only) 






50 


M 


0<V,N<Vcc 


INPUT CAPACITANCE 












Data 




10 




PF 


@1MHz 


LD/SH 




20 




PF 


@1MHz 


CLOCK 




25 




pF 


@1MHz 


POWER SUPPLY CURRENT 












Ice 




100 




mA 




A.C. CHARACTERISTICS 












See Figure 6, 7 













SYMBOL 


PARAMETER 


MIN. 


MAX. 


UNITS 


VDC 


Video Dot Clock Frequency 


1.0 


25 


MHz 


PWh 


VDC— High Time 


11.0 




ns 


PWl 


VDC— LowTime 


11.0 




ns 


tcY 


LD/SH cycle time 


310 




ns 


tr.t, 


Rise, fall time 




9 


ns 


tsET-UP 


Input set-up time 


>0 




ns 


thOLD 


Input hold time 


15 




ns 


tpDI, tpDO 


Output propagation delay 


15 


27 


ns 


tl 


LD/SH set-up time 


5 




ns 


t2 


LD/SH hold time 


5 




ns 
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BLOCK DIAGRAM 



ADDRESS/DATA . '^''\ 



^ 



CURSOR 

RETRACE BLANK - 

ATTRIBUTE ENABLE 

MODE SELECT - 
MODE SELECT 1 — 

REVERSE VIDEO - 
CHARACTER BLANK* 

UNDERLINE 

BLINK 



ADDRESS/ 

DATA 

tATCH+f 



ROW ADDRESS 
R0-R3 
I I 



STRIKE THRU 



VIDEO DOT C LOCK 
LOAD/SHIFT 



n 



ATTRIBUTE 
LATCH 



STRIKE-THRU 
SELECT 



UNDERLINE 
SELECT 



rv 



ii 



\ DECODER y ^"p 



-■> | LOGIC \ 



CURSOR RATE 



CHARACTER RATE 



LINE 
DECODER 

I 



W 




11x128 
ROM 



-l/C6 C0 
•^Ja? A0f 



ATTRIBUTE 
LOGIC 



xz 



GRAPHIC 
LOGIC 




ALL INPUTS 

(except VDCLD/SH) 



VIDEO 
OUTPUT 



FIGURE 7 
AC TIMING DIAGRAM 



[-•PW„*-j 




'At, 



h^HtnOLD^^ 



X 
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PIN NO. 



1 



DESCRIPTION OF PIN FUNCTIONS 



SYMBOL 



VIDEO 



NAME 



Video Output 



INPUT/ 
OUTPUT 



FUNCTION 



The video output contains the dot stream for the selected row of the alpha- 
numeric, wide graphic, thin graphic, or external character after processing by 
the attribute logic, and the retrace blank and cursor inputs. 
In the alphanumeric mode, the characters are ROM programmed into the 
77 dots, (7X11) ailo_cated for each of the 128 characters. See figure 5. The top 
rovv (nx'} aiii-i luvva nl2 iu ri i5 arts norinaiiy aii zeros as is coiumn <j/. i nus, the 
character is defined in the box bounded by R1 to R1 1 and 00 to 06. When a row 
of the ROM, via the attribute logic, is parallel loaded into the 8-bit shift-register, 
the first bit serially shifted out is 07 (A zero; or a one in REVID). It is followed 

by 06, 05, through 00. 

The timing of the Load/Shift pulse will determine the number of additional 

( , zero to N) bac kfill z eros (or ones if in REVID) shifted out. See figure 4. 

When the next Load/Shift pulse appears the next character's row of the ROM, 
via the attribute logic, is parallel loaded into the shift register and the cycle 
repeats. 



LD/SH 



Load/iSFint 



The 8 bit shift -regi ster parallel-in load or serlal-out shift modes are established 
by the Load/Shift input. When low, this input enables the shift register for 
serial shifting with each Video Dot Olock pulse. When high, the shift register 
parallel (broadside) data inputs are enabled and synchronous loading occurs 
on the next Video Dot Olock pulse. During parallel loading, serial data flow 
is inhibited. The Add ress/ Data inputs (A0-A7) are latched on the negative 
transition of the Load/Shift input. See timing diagram, figure 7. 



VDC 



Video Dot Clock 



Frequency at which video is shifted. 



4-11 



A0-A7 



Address/Data 



12 



Power Supply 



In the Alphanumeric Mode the 7 bits on inputs (A0-A6) are internally decoded 
to address one of the 128 available characters (A7 = X). In the External Mode, 
A0-A7 is- used to insert an 8 bit word from a user defined external ROM, PROM 
or RAM into the on-chip Attribute logic. In the wide Graphic Modes A0-A7 is 
used to define one of 256 graphic entities. In the thin Graphic Mode A0-A2 is 
used to define the 3 line segments. 



PS j +5 volt power supply 



13,14,15.16 



RaR3,R1,R0 



Row Address 



17 



GND 



Ground 



These 4 binary inputs define the row address in the current character block. 



GND i Ground 



18 



ATTBE 



Attribute Enable 



19 



STKRU 



Strike-Thru 



A positive level on this input enables data from the Reverse Video, Character 
Blank, Underline, Strike-Thru, Blink, Mode Select 0, and Mode Select 1 inputs 
to be stro bed into the on-chip attribute latch at the negative transition of 
the Load/Shift pulse. The latch loading is disabled when this input is low. 
The latched attributes will remain fixed until this input becomes high again. 
To facilitate attribute latching on a character by character basis, tie ATTBE 
high. See timing diagram, figure 7. 



20 



UNDLN 



Underline 



When this input is high and RETBL = 0, the parallel inputs to the shift register 
are forced high (SR0-SR7), providing a solid line segment throughout the 
character block. The operation of strike-thru is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which strike-thru is to be placed as well as to 
program the strike-thru to be 1 to N raster lines high. Actually, the strike-thru 
decoder (mask programmable) logic allows the strike-thru to be any number 
or arrangement of horizontal lines in the character block. The standard strike- 
thru will be a double line on rows R5 and R6. 
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22 



23 



24 



25 
26 



REVID 



OHABL 



VSYNC 



BUNK 



MSI 
MS0 



Reverse Video 



Character Blank 



VSYNC 



When this Input is high and "RETBL = 0, the parallel Inputs to the shift register 
are forced high (SR0-SR7), providing a solid line segment throughout the 
character block. The operation of underline is modified by Reverse Video 
(see table 1). In addition, an on-chip ROM programmable decoder is available 
to decode the line count on which underline is to be placed as well as to 
program the underline to be 1 to N raster lines high. Actually, the underline 
decoder (mask programmable) logic allows the underline to be any number 
or arrangement of horizontal lines in the character block. The standard under- 
line will beasingle line on R11. 



Blink 



Mode Select 1 
Mode Select 



MSI 



MS0 



MODE 



Alphanumeric 
Thin Graphics 
External Mode 
Wide Gra'^hics 



When this input is low and RETBL = 0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data 
into the Attribute Logic is inverted and then presented to the shift register 
parallel inputs. This operation reverses the data and field video. See table 1. 



When this input is high, the parallel inputs to the shift register are all set low, 
providing a blank character line segment. Character blank will override blink. 
The operation of Character Blank is modified by the Reverse Video inout 
See table 1. 



This input is used as the clock input for the two on-chfp mask programmable 
blink rate dividers. The cursor blink rate (50/50 duty cycle) will be twice the 
character blink rate (75/25 duty cycle). The divisors can be programmed from 
■^ 4 to -i- 30 for the cursor ( -^ 8 to -r 60 for the character). 



When this input is high and RETBL = and OHABL = 0, the character will blink 
at the programmed character blink rate. Blinking is accomplished by blanking 
the character block with the internal Character Blink clock. The standard 
character blink rate is 1.875 Hz. 



These 2 inputs define the four modes of operation of the CRT 8002 as follows: 
Al phanumeric Mode - In this mode addresses A0-A6 (A7 = X) are in- 
ternally decoded to address 1 of the 128 available ROM characters. The 
addressed character along with the decoded row will define a 7 bit output 
from the ROM to be loaded into the shift register via the attribute logic. 
Thin Graphics Mode - In this mode A0-A2 (A3-A7 = X) will be loaded 
into the thin graphic logic along with the row addresses. This logic will 
define the segments of a graphic entity as defined in figure 2. The top of 
the entity will begin on row 0000 and wiii end on a mask programmable row. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


NAME 


INPUT/ 
OUTPUT 


FUNCTION 


25 

26 

(cont.) 








External Mode -In this mode the Inputs A0-A7 go directly from the 
character latch into the shift register via the attribute logic. Thus the user 
may define external character fonts or graphic entities in an external 
PROM, ROM or RAM. See figure 3. 

Wide Graphics Mode— In this mode the inputs A0-A7 will define a araphic 
entity as described in figure 1. Each line of the graphic entity is determined 
by the wide graphic logic in conjunction with the row inputs R0 to R3. In 
this mode each segment of the entity is defined by one of the bits of the 
8 bit word. Therefore, the 8 bits can define any 1 of the 256 possible graphic 
entities. These entities can butt up against each other to form a contiguous 
pattern or can be interspaced with alphanumeric characters. Each of the 
entities occupies the space of 1 character block and thus requires 1 byte 
Gfmemwy. 
These 4 modes can be intermixed on a per character basis. 


27 


CURSOR 


Cursor 


1 


When this input is enabled 1 of the 4 pre-programmed cursor modes will be 
activated. The cursor mode is on-chip mask programmable. The standard cur- 
sor will be a blinking (at 3.75 Hz) reverse video block. The 4 cursor modes are: 

Underline— In this mode an underline (1 to N raster lines) at the programmed 

underline position occurs. 

Blinking Underline— In this mode the underline blinks at the cursor rate. 

Reverse Video Block— In this mode the Character Block is set to reverse 

video. 

Blinking Reverse Video Block— In this mode the Character Block is set to 

reverse video at the cursor blink rate. The Character Block will alternate 

between normal video and reverse video. 

The cursor functions are listed in table 1 . 
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RETBL 


Retrace Blank 


1 


When this input is latched high, the shift register parallel inputs are uncon- 
ditionally cleared to all zeros and loaded into the shift register on the next 
Load/Shi+t pulse. This blanks the video, independent of all attributes, during 
horizontal and vertical retrace time. 



TABLE 1 



CURSOR 


RETBL 


REVID 


CHABL 


UNDLN* 


FUNCTION 


X 


1 


X 


X 


X 


"0" S.R. All 

















D (5.R.) All 














1 


"1" (S.R.)* 
D (S.R.) All others 











1 


X 


"0" (S.R.) All 








1 








D (S.R.) All 








1 





1 


"O" (S.R.)* 
D (S.R.) All others 








1 


1 


X 


"1" (S.R.) All 


Underline* 











X 


"1" (S.R.)* 
D (S.R.) All others 


Underline* 








1 


X 


"1" (S.R.)* 

"0" (S.R.) All others 


Underline* 





1 





X 


"0" (S.R.)* 
D (S.R.) All others 


Underline* 





1 


1 


X 


"0" (S.R.)* 

"1" (S.R.) All others 


Blinking** Underline* 











X 


"1" (S.R.)* Blinking 
D (S.R.) All others 


Blinking** Underline* 








1 


X 


"1" (S.R.)* Blinking 
"0" (S.R.) All others 


Blinking** Underline* 





1 





X 


"0" (S.R.)* Blinking 
D (S.R.) All others 


Blinking** Underline* 





1 


1 


X 


"0" (S.R.)* Blinking 
"1" (S.R.) All others 


REVID Block 














D (S.R.) All 


REVID Block 











1 


"0" (S.R.)* 
D (S.R.) All others 


REVID Block 








1 


X 


"1" (S.R.) All 


REVID Block 











1 


"0" (S.R.)* 
D (S.R.) All others 


REVID Block 





1 








D (S.R.) All 


REVID Block 





1 





1 


"1" (S.R.)* 
D (S.R.) All others 


REVID Block 





1 


1 


X 


"0" (S;R.) All 


Blink** REVID Block 














r 


Blink** REVID Block 











1 




Blink** REVID Block 








1 


X 


Alternate Normal Video/REVID 


Blink** REVID Block 





1 





, 1 


At Cursor Blink Rate 


Blink** REVID Block 





1 





1 




Blink** REVID Block 





1 


1 


X 




. 



*At Selected Row Decode **At Cursor Blink Rate 
Note: if Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate. 
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(ALL ZEROS)- 



77 BITS 
(7x11 ROM) 



(ALL ZEROS) ■< 



FIGURE 5 
ROM CHARACTER BLOCK FORMAT 























- - 


ROWS 


R3 


R2 


R1 


R0 


-0 


- R0 



































o!- - 


R1 











1 























1 - - 


R2 


































j - - 


R3 










1 























1 - - 


R4 





1 





























j - - 


R5 





1 





1 























i - - 


R6 





1 




























j - - 


R7 





1 




1 























1 - - 


R8 


































j - - 


R9 










1 























1 - - 


R10 












.0 




















1 - - 


R11 









1 























- - 


R12 




1 





























- - 


R13 




1 





1 























- - 


R14 




1 







^0 




















- - 


R15 




1 




1 



07 06 05 04 03 02 01 00 - - 

V_ 



^COLUMN 7 IS ALL ZEROS (REVID = 0) 
OOLUMN 7 IS SHIFTED OUT FIRST 



EXTENDED ZEROS (BAOK FILL) 
FOR INTEROHARAOTER SPAO- 
ING (NUMBER CONTROLLED 
BY LD/SH, VDO TIMING) 




C6...C0 C6...C0 



C6...C0 C6...C0 C6...C0 



C6...C0 C6...C0 C6...C0 I C6...C0|C6...C0 C6...C0 



g;sss: 



SSSSg§i 



SSS§S 

lii 



:gg:g 



ssss 



556501 



SSISSE 



giSSSS 

isiir 



ill 



;;ss3ss 



SIS|SSS 



MS 

maanaaa 



aomaam 

□ai 

■at 

gs 



■Dogaoi 

ML 

IgS 



□•■oai: 
□Moac 






iSSgg 



ssgss 



snsss 

gsll 



:ggi 

■ 001 



liis; 



•ssgggs 
igggggg 

Qaaogga 
oaBuia 



:ggg§gf 



iDODDQa 

DaaoDDc 



DODDaaa ododooo 



■agaaac: 
DMBoac 
aaaagmc 



KSSSS 

Ig;— 



gSSSSgE 



g:ggg 



_gJgL 

gg:gss 



aDDaaaa 

DaaHBan 

gss;gg: 

aaiaaao 

gg 



gggS! 

aamm 

issis:s 
gggggsg 

ggnagEa 



■■MO 
ngoBg 



'igggi 

iiiii 

laaonac 

SSSSSgf 



:s 

sssssss 



;sssg:g 



!SSS8SE 



aDDDoSo 
aoagaao 
aaaiaaD 



;sssg 



ggBL_ 

gggggs 



;ssiss 



^gg:sss 



Sligggg 

onpi 



iSs^ggs 

KSSSSL 
gggSiS 

RggissP 



Wssgs 



aaaaogD 

iliil 
ggisll: 



mgsss 
sssr::: 

gggKSS 

"ig:g8s 



aganoDO 
■□Qoaaa 

58888 



iss:ssg 



aonaDDL 

8888888 



iggggi 



8S:gggg. 

OoacDD!:! 

OODDOaC 



:ggggi 



'SSSiSS 



giiSSS 



gggg 



aOOQODD 



iggsss: 

-ngr— 



;88S88! 

iggir' 



oaaaaag 
oggaQDa 

ggsl§g§ 



ggggigg 

SgggXgg 

gissggg 

aaaaoDo 



isiiil 



8assg: 



8888^ 



JSSgggg 

sssssss 



iggsgg: 
sssssse 



aaaDDBQ 



iSSgggg 

aaiaaaQ 

gggS888 

igosi* 



■gssggg 
:sg8Sgg 

aaoDoag 
aaaoDai 



JSSj_ 

OOOnDOQ 



ISSgggE 

— oooac 

mi 



8Sgg 



3S||S 



gggsggs 



ISSSggg 
SSSSS3S 
gggSSS! 



ggg 



:gg8g; 



?ssgggs 



8S8SI 



g:ggs 

ggSig 



SiSSgg'L 



tggSgig 

KlDBDaO 



ggssss 



lis 

JgS 



mm 



lOODODa 
laDDOQB 

JgSggg8 

ODaODOO 



gssgss^ 



ODaaoDO 
oaaaaao 

BDQSQBa 
BDOaDBQ 
BODDDBO 



8888 



CONSULT FACTORY FOR CUSTOM FONT AND OPTION PROGRAMMING FORMS. 
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FIGURE 1 

WIDE GRAPHICS MODE 

MS0-0 MS1=0 



3 LINES" 
3 LINES 
3 LINES 
3 LINES 



C7 C6 C5 C4 C3 C2 CI Cjaf BF BF-- 



A4 A3 A2 A1 A0 



•ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
•CAN BE PROGRAMMED FROM 1_rO 7 BITS 
•LENGTH DETERMINED BY LD/SH, VDC TIMING 



EXAMPLE: 10010110 



mm. 






WM. 




WM^, 


WM^^. 





R0 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 

Rijar 

R11 
R12 
R13 
R14 
R15 




NOTE: Unselected raster line rows, 
are always filled with ones. 



BF = back fill 



FIGURE 2 
THIN GRAPHICS MODE 

MS0=flf MS1=1 



— ROW 0000 



C7 C6 C5 C4 C3 C2 CI Ql? BF BF 



Rijar 

R11 NOTE 



1 

A2 



R1.^^ 



R13 
R14 
R15 



\LA 



A0 



I, 



= DONTCARE 
THE INSIDE SEGMENT IS MASK PROGRAMMABLE 
TO ROW 0000 
LENGTH DETERMINED BY LD/5R, VDC TIMING 



NOTE: When A1 = "1 ", the underline 
row/rows are deleted. 
When A1 = "0", the underline, 
if selected, will appear. 

BF = back fill 



FIGURE 3 
EXTERNAL MODE 

MS0=1 MS1=0 

C7 C6 C5 C4 C3 C2 C1 C0 BF BF 



R0 -R15 



A7 


A6 


A5 


A4 


A3 


A2 


A1 


A0 


A7 


A7 





BF = back fill 
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FIGURE 4 TYPICAL VIDEO OUTPUT 




NOTE: a, 

X = character number 
y = column number 



'»-^W^ 1 I VsArHi 

-[>-HhH>— 



VIDEO DOT- 
CLOCK 



74160 
DOT 
COUNTER 

(-N) 
CP 



CHARACTER CLOCK 



MICRO- 
PROCESSOR 



ADDRESS BUS 



CONTROL BUS 



JZ 



RAM & ROM 
(FOR nP) 



BI-DIRECTIONAL DATA BUS 8 



ADDRESS BUS 4 



PAGE 
LOGIC 



CHIP SELECT 



DATA STROBE 



8 CHARACTER COLUMN 



\> 



<^ 



6 CHARACTER ROW 



CHARACTER 

ADDRESS 

BUS 



DCC 

DB0-7 

A0-3 

CS 

DS 

H0-7 

DR0-5 



HSYNC 
VSYNC 
C SYNC 

VTAC® 
CRT 5027 BL 
CRT 5037 



IZ. 



SELECTOR 

WITH 
OPTIONAL 
MEMORY 
MAPPING 
CIRCUIT 
(IF REQUIRED) 



DATA 
IN 



1 



•2-PORT RAM 

1Kx8T0 4Kx8 

CHARACTER 

FRAME 

BUFFER 



DATA 

BUS 

ATTRIBUTES 






4 

RASTER 
SCAN 
COUNTER 



SYNC 
BLANKING 



VDAC™ 
CRT8002H 



BLANKING 
SERIAL 



•OR 1 PORT RAM 
WITH BI-DIRECT 
PORT 



TIMING 

FROM 

DOT COUNTER 

OR 

CHARACTER 

CLOCK 



CRT 5027 VTAC 

CRT 8002 VDAC 

fjP CONFIGURATION 



FIGURE 6 



/ TO/\/\ 



^1 







►VDC(tochip) 



LOAD/SHIFT I 



CLK Q 

74S74 
D 



■LD/SH(tochip) 



SANDARD MICROSYSTEMS ?"'°"" ^^lasrams utilizing SMC products are Included as a means of Illustrating typical semiconductor applica- 
IPDnPATViM ,^^^^^^^^H ''°"®' consequently complete information sufficient for construction purposes is not necessarily given The 
II 1 1 ''HI till III j^^^^^^^M mformation has been carefully checked and is believed to be entirely reliable. However, no responsibility is 

assumed for Inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SIVIC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CDRPORATIONi^^^^ 



CRT 8021 
CRT 8021-003 

/UPC FAMILY 



CRT Video Attributes Controller 

Video Generator 

VAC 



FEATURES 

n ON CHIP VIDEO SHIFT REGISTER 

Maximum shift register frequency— 20MHz 

Maximum character clock rate— 2.5MHz 
D ON CHIP HORIZONTAL AND VERTICAL RETRACE 

VIDEO BLANKING 
DON CHIP GRAPHICS GENERATION 
D ON CHIP ATTRIBUTE LOGIC -CHARACTER, FIELD 

Reverse video 

Character blank 

Character blink 

Underline 

Strike-thru 
D ON CHIP BLINKING CURSOR 
D ON CHIP DATA BUFFER 
n ON CHIP ATTRIBUTE BUFFER 
D +5 VOLT OPERATION 
DTTL COMPATIBLE 
D MOS N-CHANNEL SILICON-GATE COPLAMOS® 

PROCESS 



PIN CONFIGURATION 

1 — 1 


VIDEO 1 C 


\J 


D 28 RETBL 


LD/SH 2 C 




D 27 CURSOR 


VDO 3 C 




13 26 MSO 


A0 4 c: 




Z] 25 MSI 


A1 5 C 
A2 6 C 




^ 24 BLINK 
::] 23 V SYN 




A3 7 c: 




■^ 22 CHABL 


A4 8 Q 




^ 21 REVID 


A5 9 CI 
A6 10 C 




^ 20 UNDLN 
■^ 19 STKRU 




A7 11 Q 




;^ 18 ATTBE 


Vcc 12 C 




;:] 17 GND 


R2 13 C 




Z2 16 RO 


R3 14 C 




I] 15 R1 









D COMPATIBLE WITH CRT 5027/37 VTAC® AND 
CRT 9007 VPAC 



GENERAL DESCRIPTION 



The SMC CRT 8021 Video Attributes Controller (VAC) 
is an n-channel COPLAMOS® MOS/LSI device. It con- 
tains wide and thin graphics logic, attributes logic, a 
data latch, field and character attribute latch, a blinking 
cursor, and a high speed video shift register. The CRT 
8021 VAC is a companion to SMC's CRT 5027/37 VTAC® 
or CRT 9007 VPAC. The CRT 8021 and a character ROM 
combined with either a CRT 5027/37 or a CRT 9007 com- 
prises the major circuitry required for the display portion 
of a CRT video terminal. 

The CRT 8021 video output may be connected directly 
to a CRT monitor video input. The CRT 5027/37 or 
CRT 9007 blanking output can be connected directly to 
the CRT 8021 retrace blank input to provide both horizon- 
tal and vertical retrace blanking of the video output. 

A blinking cursor is available on the CRT 8021. There is a 
separate cursor blink rate which is twice the character 
blink rate and has a duty cycle of 50/50. 
The CRT 8021 attributes include: reverse video, character 
blank, blink, underline, and strike-thru. The character 
blink rate has a duty cycle of 75/25. The underline and 



strike-thru are similar but independently controlled 
functions. These attributes are available in all modes. 

The thin graphic mode enables the user to create single 
line drawings and forms. 

In the wide graphic mode the CRT 8021 produces a 
graphic entity the size of the character block. The graphic 
entity contains 8 parts, each of which is associated with 
one bit of a graphic byte, thereby providing 256 unique 
graphic symbols. Thus, the CRT 8021 can produce either 
alphanumeric symbols or various graphic entities 
depending on the mode selected. The mode can be 
changed on a per character basis. 

The CRT 8021 is available in two versions. The CRT 8021 
provides an eight-part graphic entity which fills the 
character block. The CRT 8021 is designed for seven dot 
wide, nine or eleven dot high characters in nine by twelve 
or ten by twelve character blocks. 

The CRT 8021-003 provides a six part graphic entity for 
five by seven orfive by nine characters incharacterblocks 

of up to seven by ten dots. 
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BLOCK DIAGRAM 



ADDRESS/DATA „ ^0 
INPUTS ° 



V 



CURSOR 

RETRACE BLANK - 

ATTRIBUTE ENABLE 



ADDRESS/ 
DATA 
LATCH 



MODE SELECT — 
MODE SELECT 1 - 

REVERSE VIDEO ■ 
CHARACTER BLANK* 

UNDERLINE 

BLINK— 



STRIKE THRU 



ZL 



ATTRIBUTE 
LATCH 



VIDEO DOT C LOCK 
LOAD/SHIFT 



STRIKE-THRU 



Y 



UNDERLINE 
SELECT 



IV 



■— I LOGIC \ 



Vs,N< 



CURSOR RATE 



LOGIC CHARACTER RATE 



J 



ROW ADDRESS 
R0-R3 



LINE 
DECODER 



T-rn 



A7 Ml 



ATTRIBUTE 
LOGIC 



A0 A7 



Al 



GRAPHIC 
y\ LOGIC 




ALL INPUTS 

(except VDC,LD/SH) 



VIDEO 
OUTPUT 



FIGURE 1 
AC TIMING DIAGRAM 



[-•PWh»-| 




^''l~ 



p::^ 



ym: 



X 



2.0V 
0,4V 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°Cto+150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

^Stresses above those listed may cause permanent damage to the device. This is a stress rating only 

and functional operation of the device at these or at any other condition above those indicated in the 

operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 

the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 

exhibit voltag e spik e s <3f "gUtohes" or thei^mjtputs vtfhen the AC power i&swltched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 

exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70° C, Vcc = +5V ±5%, unless otherwise noted) 



Parameter 


MIn. 


Typ. 


Max. 


Unit 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 












Low-level, ViL 






0.8 


V 


excluding VDC 


High-level, Vh 


2.0 






V 


excluding VDC 


INPUT VOLTAGE LEVELS-CLOCK 












Low-level, ViL 






0.8 


V 




High-level, Vih 


4.3 






V 


See Figure 7 


OUTPUT VOLTAGE LEVELS 












Low-level, Vol 






0.4 


V 


loL = 0.4 mA,74LSXX load 


High-level, VoH 


2.4 






V 


1 OH = -20 //A 


INPUT CURRENT 












Leakage, k (Except CLOCK) 






10 


^i^ 


0<ViN<Vcc 


Leakage, II (CLOCK Only) 






50 


fxA 


0<ViN<Vcc 


INPUT CAPACITANCE 












Data 




10 




pF 


@1 MHz 


LD/SH 




20 




PF 


@1 MHz 


CLOCK 




25 




pF 


@1 MHz 


POWER SUPPLY CURRENT 












Ice 




100 




mA 




A.C. CHARACTERISTICS 












See Figure 6, 7 













SYMBOL 


PARAMETER 


CRT 8021 


UNITS 


MIN. 


MAX. 


VDC 


Video Dot Clock Frequency 


1.0 


20 


MHz 


PWh 


VDC— High Time 


15.0 




ns 


PWl 


VDC— Low Time 


15.0 




ns 


tcY 


LD/SH cycle time 


400 




ns 


tr,t, 


Rise, fall time 




10 


ns 


tsET-UP 


Input set-up time 


>0 




ns 


tHOLD 


Input hold time 


15 




ns 


tpDI, tpDO 


Output propagation delay 


15 


50 


ns 


tl 


LD/SH set-up time 


10 




ns 


tz 


LD/SH hold time 


5 




ns 
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DESCRrPTrON OF PIN FUNCTIONS 



PIN NO. 



SYMBOL 



1 



VIDEO 



LD/SH 



VDC 



4-11 



A0-A7 



12 



Vcc 



13,14,15,16 



R2,R3,R1,R0 



17 



GND 



18 



ATTBE 



NAME 



Video Output 



INPUT/ 
OUTPUT 



Load/Shift 



Video Dot Clock 



Address/Data 



Power Supply 



Row Address 



Ground 



Attribute Enable 



19 



STKRU 



20 



UNDLN 



REVID 



22 



CHABL 



23 



VSYNC 



24 



BLINK 



25 
26 



MSI 
MS0 



Strike-Thru 



Underline 



Reverse Video 



FUNCTION 



The video output contai ns the dot stream for the selected row of the wide graphic, thi n 
graphic, or external character after processing by the attribute logic, and the retrace 
blank and cursor inputs. 

The timing of the Load/Shift pulse will determine the number of aHHitinnai i 

zero to N) backfill zer os (o r ones if in REVID) shifted out. See figure 4. 

When the next Load/Shift pulse appears the next character via the attribute logic is 

parallel loaded into the shift register and the cycle repeats. 



PS 



GND 



Character Blank 



VSYNC 



Blink 



Mode Select 1 
Mode Select 



The 8 bit shifNregister parallel-In load or serial-out shift modes are established by 
the Load/Smft input. When low, this input enables the shift register for serial 
shifting with each Video Dot Clock pulse. When high, the shift register parallel 
(broadside) data inputs are enabled and synchronous loading occurs on the next 
Video Dot Clock pulse. During parallel loading, se.-ial data flew is inhibited The 
Addresi/Data inputs (A0-A7) are latched on the negative transition of the 
Load/Shift Input. See timing diagram, figure 1 . 



Frequency at which video is shifted. 



In the External Mode, A0-A7 is used to insert an 8 bit word from a user defined 
external ROM, PROM or RAM into the on-chip Attribute logic. In the wide Graphic 
Mode A0-A7 is used to define one of 256 graphic entities. In the thin Graphic 
Mode A0-A2 is used to define the 3 line segments. 



+5 volt power supply. 



These 4 binary inputs define the row address in the current character block. 



Ground 



A positive level on this input enables data from the Reverse Video, Character Blank 
Underhne, Strike-Thru, Blink, Mode Select 0, and Mode Select 1 inputs t o be s trobed 
into the on-chip attribute latch at the negative transition of the Load/SHHt pulse 
The latch loading is disabled when this input is low. The latched attributes will remain 
fixed until this input becomes high again. To facilitate attribute latching on a character 
by character basis, tie ATTBE high. See timing diagram, figure t. 



When this mput is high and RETBL = 0, the parallel inputs to the shift register are 
forced high (SR0-SR7), providing a solid line segment throughout the character 
block. The operation of strike-thru is modified by Reverse Video (see table 1) The 
strike-thru is a double line on rows R5 and R6 for the CRT 8021 and a sinqle line on 
row R4 for the CRT 8021-003. 



When this input is high and RETBL = 0, the parallel inputs to the shift register are 
forced high (SR0-SR7), providing a solid line segment throughout the character 
block. The operation of underline is modified by Reverse Video (see table 1) The 
underline Is a single line of R11 for the CRT 8021 and a single line on R8 for the 
CRT 8021-003. 



When this input is low and RETBL = 0, data into the Attribute Logic is presented 
directly to the shift register parallel inputs. When reverse video is high data into the 
Attribute Logic is Inverted and then presented to the shift register parallel inputs 
This operation reverses the data and field video. See table 1. 



When this mput is high, the parallel inputs to the shift registerare all set low, provid- 
ing a blank character line segment. Character blank will override blink. The operation 
of Character Blank is modified by the Reverse Video input. See table 1 



This input is used as the clock input for the two on-chip blink rate dividers 
The cursor blink rate (50/50 duty cycle) will be twice the character blink rate 
(75/25 duty cycle). 



MSI 



MS0 



MODE 



Thin Graphics 

r'h^ i_. .._ ,, 

wiiatauici iviuae 

Wide Graphics 



27 



28 



CURSOR 



Cursor 



RETBL 



Retrace Blank 



When this input is high and RETBL = and CHABL = 0, the character will blink at 
the character blink rate. Blinking is accomplished by blanking the character 
block with the internal Character Blink clock. The character blink rate is 1.875 Hz 
when V SYNC = 60 Hz. 



These 2 inputs define the three modes of operation of the CRT 8002 as follows: 
Thin GraB-tfiS? MOtlg— in this mode A0-A2, (A3-A7 = X) will be loaded into the thin 
graphic logic along with the row addresses. This logic will define the segments 
of a graphic entity as defined in figure 6. 

Qhars£t£LM2d£— In this mode the inputs A0-A7 go directly from the character latch 
into the shift register via the attribute logic. Thus the user may define external charac- 
ter fonts or nranhirontitioo in an avt'^'-nal DDO^'l Orsht ^,OAl.t Q i: o 

Wi'jg Qrgphip? M(?(jg — In this mode the inputs A0-A7 will define a graphic entity as 
described in figure 5. Each line of the graph ic entity is determined by the wide graphic 
logic in conjunction with the row inputs R0 to R3. In this mode each segment of the 
entity is defined by one of the bits of the 8 bit word. Therefore, the 8 bits can define any 
1 of the 256 possible graphic entities. These entities can butt up against each other to 
forni a contiguous pattern or can be interspaced with alphanumeric characters. Each 
of the entities occupies the space of 1 character block and thus requires 1 
byte of memory. 

These 3 modes can be intermixed on a per character basis. 



When this input is enabled the cursor will be activated.The cursor will be a blinking(at 
3.75 Hz when V SYNC = 60 Hz) reverse video block. In this mode the Character Block is 
set to reverse video at the cursor blink rate. The Character Block will alternate between 
normal video and reverse video. 



VVhen this input is latched high, the shift register parallel inputs are unconditionally 
c eared to all zeros and loaded into the shift register on the next Load/Shift pulse This 
blanks the video, independent of all attributes, during horizontal and vertical retrace time 
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TABLE 1 



CURSOR 


RETBL 


REVID 


CHABL 


UNDLN* 


FUNCTION 


X 


1 


X 


X 


X 


"0" (S.R.) All 

















D (S.R.) All 














1 


"1" (S.R.)* 
D (S.R.) All others 











1 


X 


"0" (S.R.) All 








1 








D (S.R.) All 








1 





1 


"0" (S.R.)* 
D (S.R.) All others 








1 


1 


X 


"1" (S.R.) All 


Blink" REVID Block 


















Blink** REVlDBTock 











1 






Blink** REVID Block 








1 


X 


-< 


Alternate Normal Video/REVID 


Blink** REVID Block 





1 








At Cursor Blink Rate 


Blink** REVID Block 





1 





1 






Blink** REVID Block 





1 


1 


X 




^ 



*At Selected Row Decode **At Cursor Blink Rate 
Note: If Character is Blinking at Character Rate, Cursor will change it to Cursor Blink Rate 



FIGURE 2 
TYPICAL CHARACTER MODE BLOCK FORMATS 



CRT 8021 

(ALL ZEROS)-»^ _p__0__q__0 

- - "^ 







ROWS 



(ALL ZEROS) 




R0 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

R10 

R11 

R12 

R13 

R14 

R15 



R3 R2 R1 R0 



CRT 8021-003 



o__p 0_ 

j"0 ^0 1 
OjO o|o 
0|0 OjO 
OJO OiO 
0|0 o[o 
O'O 010 

lP__o 0_0 p_{ 

o"o 000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 



07 06 C5 04 03 02 01 CO — — 



COLUMN 7 IS SHIFTED OUT FIRST 



V / EXTENDED ZEROS (BACK 
V_ FILL) FOR INTEROHARACTER 
SPACING (NUMBER 
CONTROLLED BY LD/SH, 
VDC TIMING) 



Note: Dotted line shows typical character display area. 



FIGURE 3 

CHARACTER MODE 

MSe = 1 MS1= 

07 06 05 04 03 02 01 C0 BF BF 



RD— R15 



A7 


A6 


A5 


A4 


A3 


A2 


A1 


A0 


A7 


A7 





BF = back fill 



07 06 05 04 03 02 01 00 
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FIGURE 4. TYPICAL VIDEO OUTPUT— CHARACTER MODE 



VDC 







VIDEO DATA 



VIUbUUAIA I 1 1 1 1 1 i 1 1 1 1 > 1 , 1 , 1 , , 

8 DOT FIELD | ^M ^M ^^ I ^M ^^ | '^M ^M '^° I ^M ^M ^M ^'' I ^^ | a2 | ai | ao | a? | a6 | as 

VIDEO DATA i 1 \ 1 1 1 r 1 1 1 , , , , , , , , , 

9 DOT FIELD I ^M ^^ I ^M ^'' I ^^ | a2 | ai | ao | a? | a? | as | as | a4 | as | a2 | ai [ ao | a7 | a7 



3 LINES* 
3 LINES 
3 LINES 
3 LINES 



A 



FIGURE 5 
WIDE GRAPHICS MODE 

MS0 = MSI = 



CRT 8021 



I A7 I A6 I as [ A4 I A3 [ A2 I A1 | AO | 

■ON CHIP ROM PROGRAMMABLE TO 2, 3, OR 4 LINE MULTIPLES 
-•CAN BE PROGRAMMED FROM 1 TO 7 BITS 
"LENGTH DETERMINED BY LD/SR, VDC TIMING 

EXAMPLE: 10010110 



mi^4 






wm. 




^^^ 


'WW^. 






CRT 8021-003 



C7 C6 C5 C4 C3 C2 CI CJBT 








N 


3ITS- 

























X 


X X 


X 


X 


A2 


A1 


A0 



FIGURE 6 
THIN GRAPHICS MODE 

MSO = MSI = 1 



CRT 8021 



C7 C6 C5 C4 C3 C2 C1 q? BF BF.. 



= DONTCARE 
THE INSIDE SEGMENT IS MASK PROGRAMMABLE 
TO ROW 0000 
LENGTH DETERMINED BY LD/gFI, VDC TIMING 



R1J» 

R11 NOTE 



7777} 



V 77?7 7/y 



NOTE: When A1 = "1". the underflne 
row/rows are deleted. 
When A1 = "O". the underline, 
if selected, will appear. 

BF = back fin 



CRT 8021-003 



07 C6 CS C4 C3 C2 CI qg BF 
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FIGURE 7 



74SXX 



500n 



CP 




-VDC(tochip) 



LOAD/SHIFT EXTERNAL- 



CLK Q 

74S74 
D 



LD/SH (to chip) 



FIGURE 8 

TYPICAL CRT 8021 CONFIGURATION 

FOR COMBINED CHARACTER AND GRAPHICS MODES 



SYSTEM RAM 

OR 

SINGLE OR 

DOUBLE ROW 

BUFFER 



I 1 



^^ 



1/ 



THREE- 
STATE 
DRIVER 



R3-R0 
FROM CRT 



^ 



4 



^J. 



CHARACTER 
ROM 



Iz 



FROM CRT CONTROLLER 

RETRACE 
R3-R0 BLANKING CURSOR 

4. 







L__r 



ATTRIBUTES (RV,CB,CBLANK.ATTEN,STKTU.MS1 



^ 



VAC 
CRT 8021 



•LATCH MAY OR MAY NOT BE REQUIRED DEPENDING ON SYSTEM TIMING. 



VIDEO DOT CLOCK. 
CHARACTER CLOCK. 



VIDEO 



TO 
MONITOR 
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XTAL 

I ^Ih- 

R 
'(-^VV,! 1 I ^A/\(-(i 



VIDEO DOT- 
CLOCK 



74160 
DOT 
COUNTER 

CP 



CHARACTER CLOCK 



BI-DIRECTIONAL DATA BUS 



ADDRESS BUS 



CONTROL BUS 



iZ 



RAM & ROM 
(FOR nP) 



ADDRESS BUS 



3^=^=^ 



PAGE 
LOGIC 



CHIP SELECT 



DATA STROBE 



iz. 



<^ 



I 8 CHARACTER COLUMN 



6 CHARACTER ROW 



CHARACTER 

ADDRESS 

BUS 



DB0-7 
A0-3 



VTAC 
CRT 5027 



H0-7 
DR0-5 



SELECTOR 

WITH 
OPTIONAL 
MEMORY 
MAPPING 
CIRCUIT 
(IF REQUIRED) 



1 



•2-PORT RAM 

1Kx8T0 4Kx8 

CHARACTER 

FRAME 

BUFFER 



•OR 1 PORT RAM 
WITH BI-DIRECT 
PORT 




RASTER SCAN COUNTER 



VIDEO DATA 8 



-*—v 



HORIZ. SYNC 



COMPOSITE 



SYNC 
BLANKING 



VAC 
CRT 8021 



BLANKING 
SERIAL 



TIMING 

FROM 

DOT COUNTER 

OR 

CHARACTER 

CLOCK 



"Latch nnay be required depending on system timing. 



FIGURE 9. CRT 8021 TYPICAL ywP CONFIGURATION (CHARACTER MODE ONLY) 
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STANDARD MICROSYSTEMS 
CORPORAnON^^^^ 



CRT 9006-135 
CRT 9006-83 

//PC FAMILY 



Single Row Buffer 
SRB 



FEATURES: 

n Low Cost Solution to CRT Memory Contention Problem 
D Provides Enhanced Processor Throughput for CRT 

Display Systems 
n Provides 8 Bit Wide Variable Length Serial Memory 
D Permits Active Video on All Scan Lines of Data Row 
D Dynamically Variable Number of Characters per Data Row- 

. . .64, 80, 132, ... up to a Maximum of 135 
D Cascadable for Data Rows Greater than 135 Characters 
D Stackable for Invisible Attributes or Character 

Widths of Greater than 8 Bits 
D Three-State Outputs 
n 3.3 MHz Typical Read/ Write Data Rate 
n static Operation 
D Compatible with SMC CRT 5037, CRT 9007, and other 

CRT Controllers 
n 24 Pin Dual In Line Package 
D +5 Volt Only Power Supply 
D TTL Compatible Inputs and Outputs 
n Available in 135 Byte Maximum Length (CRT 9006-135) 

or 83 Byte Maximum Length (CRT 9006-83) 



PIN CONFIGURATION 











DOUT3 C 


1 ^ 


24 


D GND 


D0UT2 CI 


2 


23 


ID DOUT4 


D0UT1 CI 


3 


22 


I] DOUT5 


DOUT0 C 


4 


21 


13 DOUT6 


GLK Q 


5 


20 


^ DOUT7 


WREN C 


6 


19 


Zl OE 


CLRCNT C 


7 


18 


ZJ OF 


CKEN CI 


8 


17 


Z] DIN7 


DIN0 CI 


9 


16 


I] DIN6 


DIN1 CI 


10 


15 


Z2 DIN5 


DIN2 CI 


11 


14 


ZJ DIN4 


DIN3 CI 


12 


13 


Z) -5V 


Package: 24- 


pin D.I. P. 



APPLICATIONS: 

n CRT Data Row Buffer 

D Block-Oriented Buffer 

D Printer Buffer 

n Synchronous Communications Buffer 

D Floppy Disk Sector Buffer 



GENERAL DESCRIPTION 



The SMC Single Row Buffer (SRB) provides a low cost solu- 
tion to memory contention between the system processor and 
CRT controller in video display systems. 
The SRB is a RAM-based buffer which is loaded with character 
data from system memory during the first scan line of each 
data row. While data is being written into the RAM it is also 
being output through the multiplexer onto the Data Ouput 



(DOUT) Lines. During subsequent sc an lines in the data row, 
the system will disable Write Enable (WREN) and cause data 
to be read out from the internal RAM for CRT screen refresh, 
thereby releasing the system memory for processor access 
for the remaining N-1 scan lines where N is the number of 
scan lines per data row. The SRB enhances processor through- 
put and permits a flicker-free display of data. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1-4 


DATA OUTPUTS 


DOUT3-DOUT0 


Data Outputs from the internal output latch. 


5 


CLOCK 


CLK 


Character clock. The negative-going edge of CLK clocks the 
latches. When CKEN (pin 8) is high, CLK will increment the 
address counter. 


6 


WRITE ENABLE 






WREN 


When WREN is low, data from the input latch is transferred directly 
to the output latch and simultaneously written into sequential 
locations in the RAM. 


7 


CLEAR COUNTER 






CLRCNT 


A negative transition on CLRCNT clears the RAM address counter. 
CLRCNT is normally asserted low near the beginning of each 
scan line. 


8 


CLOCK ENABLE 


CKEN 


When CKEN is high, CLK will clock the address counter. The 
combination of CKEN high and WREN low will allow the writing 
of data into the RAM. 


9-12 


DATA INPUTS 


DIN0-DIN3 


Data Inputs from system memory. 


13 


POWER SUPPLY 


Vcc 


+5 Volt supply. 


14-17 


DATA INPUTS 


DIN4-DIN7 


Data Inputs from system memory. 


18 OVERFLOW FLAG 


OF 


This output goes high when the RAM address counter reaches its 
maximum count. If cascaded operation of multiple CRT9006's is 
desired for more than 135 bytes, OF may be used to drive the 
CKEN input of the second row buffer chip. 


19 


OUTPUT ENABLE 


OE 


When OE is low, the data outputs DOUT0-DOUT7 are enabled. 
When OE is high, DOUT0-DOUT7 present a high impedance 
state. 


20-23 


DATA OUTPUTS 


DOUT7-DOUT4 


Data Outputs from the internal output latch. 


24 


GROUND 


GND 


Ground. 



OPERATION 



For CRT operation, the Write Enable (WREN) signal is 
made active for the durati on of the t op scan line of each 
data row. Clear Counter (CLRCNT) typically occurs at 
the begi nning of e ach scan line (HSYNC may be used as 
input to CLRCNT). Data is continually clocked into the 
input latch by CLK. When Clock Enable (CKEN) occurs, 
the data in the input latch (Write Data) is written into the 
first location of RAM. At the negative-going edge of the 
next clock, the address counter is incremented, the next 
input data is latched into the input latch, and the new data 
is then written into the RAM. Loading the RAM continues 
until one clock after CKEN goes inactive or until the 
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RAM has been fully loaded (135 bytes). While data is 
being written into the RAM, it is also being outputthrough 
the multiplexer onto the Data Output (DOUT) lines. Each 
byte is loaded into the output latch one clock time later 
than it is written into the RAM. Output of the data during 
the first scan line permits the Video Display Controller 
(such as the CRT 8002) to display video on the first scan 
line. During subsequent scan lines in thedata row, thesys- 
tem will disable Write Enable (WREN) and cause data to be 
read out from the internal RAM, thereby freeing the sys- 
tem memory for processor access for the remaining N-1 
scan lines w'hereN is the number ofscanlines per datarow. 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range °I5 *° "^ ^?I5 

Storage Temperature Range -55°C to + 150 C 

Lead Temperature (soldering, 10 sec.) a nw 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0-3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or at any other condition above those indicated in the operational 

sections of this specification is not implied. 



ELECTRICAL CHARACTERISTICS (Ta = 0° C to 70° C, Vcc = +5 ±5%, unless otherwise noted) 
PARAMETER 



DC CHARACTERISTICS 

Input Voltage Levels 

Low Level Vil 

High Level Vih 
Output Voltage Levels 

Low Level Vol 

High Level Voh 
Input Current 

Leakage, Iil 
Output '1' Leakage 
Output '0' Leakage 

(Off State) 
Input Capacitance 

CLK 

All other inputs 
Power Supply Current 

lex; (SRB-135) 

Ice (SRB-83) 
AC CHARACTERISTICS 

' (SRB135) 
(SRB83) 

tcKL 

(SRB135) 
(SRB83) 

tcKH 

(SRB135) 
(SRB83) 

tcKR 

(SRB135) 
(SRB83) 

tcKF 

(SRB135) 
(SRB83) 

toSET 
toHOLD 
tENCKP 
tENCKN 

(SRB135) 
(SRB83) 

tENHOLD 
twRCKN 

(SRB135) 
(SRB83) 

twENHLD 

tDOUT 

trSON 

trSOFF 

toFON 

tcLRS 

(SRB135) 
(SRB83) 

tcLRH 





MIN 


TYP 


MAX 


UNITS 


COMMENTS 




2.0 




0.8 


V 
V 






2.4 




0.4 
10 

10 
10 


V 
V 

M 


loL = 2mA 
loH = -100/yA 
0<V,N<Vcc 






30 
10 


45 
15 

115 
100 


PF 
PF 

mA 
mA 






300 
400 


250 
330 




ns 
ns 






240 
320 


190 
250 


DC 
DC 


ns 
ns 






28 
34 




5000 
5000 


ns 
ns 










10 
10 


ns 
ns 


tcKH = 28ns 
tcKH = 34ns 








10 
10 


ns 
ns 


tcKL =240ns 
tcxK = 320ns 




65 
5 







ns 
ns 
ns 






100 
125 






ns 
ns 













ns 






100 
125 






ns 
ns 











175 
175 
175 
175 


ns 
ns 
ns 
ns 
ns 


Cl = 50pF 
Cl=30pF 




100 
125 






ns 
ns 













ns 
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FIGURE 1: AC CHARACTERISTICS 
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FIGURE 2: SINGLE ROW BUFFER READ TIMING 

cL<^i n n n n n ^ jji tl 
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ADDRESS COUNTER ///// ////// ////7^ ^ppRo / ^opp,i \ ^ppp,; ^ -^ f \ ADDR N / aboRN-^K 



3C 



RDO 



(LAST ADDR) 

-X RD1 ><r~RD2~y1 1 X RDN y ^r~ 



READ DATA 
Motes: N = 134 FOR CRT90C16-135 (INTERNAL) 

N = 82 FOR CRT9006-83 tuocc 

tc.» - 1 CLK PERIOD (mini D0uT7-B /////////////// /y -^^-^ data B V DATA 1.>^ f" ^ DATA N-l X DATA N V l?^^ 

(LAST DATA)/ '^ 



•"STATE 



OF 



FIGURE 3: SINGLE ROW BUFFER WRITE TIMING 



cLK_n_ 



J~L 



Jl_ 



Jl_ 



CHAR ADDRESS 
(HO = 1st VISIBLE CHAR) . 



n n ^ fL 



rL 



<ADDRMAX>C HO X HI X H2 X H3 ~y~^ \ X H„., ~X Hn.; X 
~V X DATA iTV DATA 1 Y DATA 2 V^nATA 3 V^ ? V V V^ 



WRER V//> 



jHoLX- 



-^ 5- 
4 §- 



WRITE DATA 
(INTERNAL) 



~ X WD8 X WD1 X^WD2 X ~^ ] X WDN~^X 



5LRCNT N ^ 'rminnn nrTniii/ iiiiiiiifi^ ^rmjTniiimmiii. 

ADDRESS ^^ ^ , 3 

COUNTER •///////////7TTTTH ADDRB / ADDRI \ ADDR2 / -? ^- \ ADDR. / ADDR... \ 
"'^"'"'^*'-' (LAST ADDR) 

D0UT7^ ///// ////// /JTTTTy^^ DATAO >r^AfAT^ t3<^^EiX5^I>^ 
^^*^^ ^ ' (LAST DATA)/^™^^ 

Notes: N = 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 

tcLR = 1 CLK PERIOD (min.) 
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PROCESSOR 
/iP//uC 



HOLD 
RDWR 



c 






:z^ 



K 



^ 



ADDRESS BUS 



C=^ 



c 



^ 



^=o 



"^ VA13-0 
^ VD7-0 

rv drb 



CRT CONTROLLER 
(CRT 5037. CRT 9007,...) 



SL3 SL2 SL1 SL0CURS 



HS 

CBLANK 

VS 
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CLRCNT CKEN CLK 



CRT 9006 

SINGLE 

ROW BUFFER 



OE >-•— GND 
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^ 



^ 
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FIGURE 2: TYPICAL CRT CONTROLLER CONFIGURATION WITH SINGLE ROW BUFFER 




FIGURE 4: 
TYPICAL READ TIMING FOR SRB CASCADED CONFIGURATION 



J 



CLRCNTa , B 
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Notes: N = 134 FOR CRT9006-135 
N = 82 FOR CRT9006-83 
EXAMPLE IS FOR N+3 CHARACTERS TOTAL 
A, B REFER TO DEVICES A&B IN FIGURE 5 



FIGURE 5: 
TYPICAL CASCADE OF SINGLE ROW BUFFERS— 270 BYTES TOTAL 
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STANDyjDMICROSYSTEMS 
CORPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. How/ever, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the riaht to make chanaes 
at any time in order to improve design and supply the best product possible. 

318 



STANDARD MICROSYSTEMS 
(DORPORATTONiS 



CRT 9007A 
CRT 9007B 
CRT 9007C 

^(PC FAMILY 



CRT Video Processor and Controller 

VRAC™ 



FEATURES 

D Fully Programmable Display Format 

Characters per Data Row (8-240) 

Data Rows per Frame (2-256) 

Raster Scans per Data Row (1-32) 
D Programmable Monitor Sync Format 

Raster Scans/Frame (4-2048) 

Front Porch— Horizontal (Negative or Positive) 
—Vertical 

Sync Width — Horizontal (1-128 Character Times) 
—Vertical (2-256 Scan Lines) 

Back Porch— Horizontal 
—Vertical 
D Direct Outputs to CRT Monitor 

Horizontal Sync 

Vertical Sync 

Composite Sync 

Composite Blanking 

Cursor Coincidence 
D Binary Addressing of Video Memory 
D Row-Table Driven or Sequential Video Addressing Modes 
D Programmable Status Row Position and Address Registers 
D Bidirectional Partial or Full Page Smooth Scroll 
D Attribute Assemble Mode 
D Double Height Data Row Mode 
D Double Width Data Row Mode 
D Programmable DMA Burst Mode 
n Configurable with a Variety of Memory Contention 

Arrangements 
D Light Pen Register 

D Cursor Horizontal and Vertical Position Registers 
D Maskable Processor Interrupt Line 
D Internal Status Register 
D Three-state Video Memory Address Bus 
D Partial or Full Page Blank Capability 
D Two Interlace Modes: Enhanced Video and Alternate 
Scan Line 



PIN CONFIGURATION 











'^ 




VA2 1 C 




2 40GND 


VA10 2 C 




3 39VA9 


VA3 3 C 




3 38VA1 


VA11 4 C 




D 37VA8 


VA12 5 C 




1 36VA0 


VA4 6 C 




] 35 CBLANK 


VA13 7 C 




] 34 CURS 


VA5 8 C 




2 33ACK/reC 


VA6 9 C 
VA7 10C 




D 32CSYNC/LPSTB 

3 31 SLD/SLO 








VLT11C 








1 30Sra/SL1 


VS12C 

FiSiaC 








3 29 WBEN/SL2/CSYNC 
2 28 DMAR/SL3WBLANK 




CCLK14C 




3 27 INT 


DRB15C 




: 26RST 


VD716C 




3 25SS 


VD617C 




2 24VD0 


VD518C 




3 23VD1 


VD419C 




2 22VD2 


VD320 C 




2 21 +5V 


PACKAGES 40-pin DIP | 



D Ability to Delay Cursor and Blanking with respect to 

Active Video 
D Programmable for Horizontal Split Screen Applications 
D Graphics Compatible 

D Ability to Externally Sync each Raster Line, each Field 
D Single +5 Volt Power Supply 
D TTL Compatible on All Inputs and Outputs 
n VT-100 Compatible 
D RS-170 Interlaced Composite Sync Available 



GENERAL DESCRIPTION 



The CRT 9007 VPAC™ is a next generation video processor/ 
controller — an MOS LSI integrated circuit which supports either 
sequential or row-table driven memory addressing modes. As 
indicated by the features above, the VPAC™ provides the user 
with a wide range of programmable features permitting low cost 
implementation of high performance CRT systems. Its 14 address 
lines can directly address up to 16K of video memory. This is 
equivalent to eight pages of an 80 character by 24 line CRT dis- 
play. Smooth or jump scroll operations may be performed any- 
where within the addressable memory. In addition, status rows 
can be defined anywhere on the screen. 
In the sequential video addressing mode, a Table Start Register 
points to the address of the first character of the first data row on 
the screen. It can be easily changed to produce a scrolling effect 
on the screen. By using this register in conjunction with two aux- 
iliary address registers and two sequential break registers, a screen 
roll can be produced with a stable status row held at either the first 
or last data row position. 



In the row-table driven video addressing mode, each row in the 
video display is designated by its own address. This provides the 
user with greater flexibility than sequential addressing since the 
rows of characters are linked by pointers instead of residing in 
sequential memory locations. Operations such as data row 
insertion, deletion, and replication are easily accomplished by 
manipulating pointers instead of entire lines. The row table itself 
can be stored in memory in a linked list or in a contiguous format. 
The VPAC™ works with a variety of memory contention schemes 
including operation with a Single Row Buffer such as the CRT 9006, 
a Double Row Buffer such as the CRT 9212, or no buffer at all, in 
which case character addresses are output during each display- 
able scan line. 

User accessable internal registers provide such features as light 
pen, interrupt enabling, cursor addressing, and VPAC™ status. 
Ten of these registers are used for screen formatting with the abi- 
lity to define over 200 characters per data row and up to 256 data 
rows per frame. These 10 registers contain the "vital screen 
parameters". 
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FIGURE 1 : CRT 9007 BLOCK DIAGRAM 



DESCRIPTION OF PIN FUNCTIONS 



PROCESSOR INTERFACE: 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


7, 5, 4, 2, 39, 

37,10,9,8,6, 

3,1,38,36 


Video Address 
13-0 


VA13-VA0 


These 14 signals are the binary address presented to the video memory by the CRT 9007. 
The function depends on the particular CRT 9007 mode of operation. VA13-6 are outputs 
only. VA5-0 are bidirectional. i 
—Double Row Buffer Configuration : 

VA1 3-0 are active outputs for the DMA operations and are in their high impedance state at 

all other times. 
—Single Row Buffer Configuration : 

VA1 3-0 are active outputs during the first scan line of each data row and are In their high 

impedance state at all other times. 
—Repetitive Memory Addressing Configuration: 

VA13-0 are active outputs at all times except during horizontal and vertical retrace at which 

time they are in their high impedance state. 
If row table addressing is used for either single row buffer or repetitive memory addressing 
modes, VA13-0 are active outputs during the horizontal retrace at each data row boundary to 
allow the CRT 9007 to retrieve the row table address. For processor read/write operations 
VA5-0 are inputs that select the appropriate interna! register. 


16,17,18,19, 
20, 22, 23, 24 


Video Data 7-0 


VD7-VD0 


Bidirectional video data bus; during processor Read/write operations data is transferred via 
VD7-VDP when chip strobe (CS) is active. These lines are in their high impedance state 
when CS is inactive. During CRT 9007 DMA operations, data from video memory is input via 
VD7-VD0 when a new row table address is being retrieved or when the attribute latch is being 
updated in the attribute assemble mode. VD7-VD0 are outputs when the external row buffer 
is updated with a new attribute in the attribute assemble mode. 


25 


Chip strobe 


CS 


Input; this signal when active low, allows the processor to read or write internal CRT 9007 
registers. When reading from an internal CRT 9007 register, the chip strobe (CS) enables the 
output drivers. When writing to an internal CRT 9007 register, the trailing edge of this signal 
latches the incoming data. Figure 2 shows all processor read/write timing. 


26 


Reset 


RST 


Input; this active low sigrialputs the CRT 9007 into a l<nown, inactive state and Insures 
that the horizontal sync (HS) output is inactive. Activating this input has the same effect as a 
RESET command. After initialization, a START command causes normal CRT 9007 opera- 
tion. See processor addressable registers section. Register 16 for the reset state definition. 


27 


Interrupt 


INT 


Output; an interrupt to the processor from the CRT 9007 occurs when this signal is active 
high. The interrupt returns to its inactive low state when the status register is read. 
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DESCRIPTION OF PIN FUNCTIONS CONT'D 



CRT INTERFACE: 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


11 


Visible Line Time 


VLT 


Output; this signal is active high during all visible scan lines and during the horizontal trace 
times at vertical retrace. This signal can be used to gate the character clock (CCLK) when 
supplying data to a character generator from a single or double row buffer. 


12 


Vertical Sync 


VS 


Open drain output; this signal determines the vertical position of displayed text by initiating a 
vertical retrace. Its position and pulse width are user programmable. The open drain allows 
the vertical frame rate to be synchronized to the line frequency when using monitors with DC 
coupled vertical amplifiers. If the VS output Is pulled active low externally before the CRT 
9007 itself initiates a vertical syncjhe CRT 9007 will start Its own vertical sync at the next 
leading edge of horizontal sync (HS). 


13 


Horizontal Sync 


HS 


Open drain output; this signal determines the horizontal position of displayed text by initiating 
a nbrTzonTal retrace. TTsposMon and pulse width are user programmable. Durin 
and software reset, this signal is inactive high. The open drain allows the horizontal scan rate 
to be synchronized to an external source. If the HS output is pulled low externally before the 
CRT 9007 itself initiates a horizontal sync, the CRT 9007 will start Its own horizontal sync on 
the next character clock (CCLK). 


14 


Character Clock 


CCLK 


Input; this signal defines the character rate of the screen and is used by the CRT 9007 for 
all internal timing. A minimum high voltage of 4.3V must be maintained for proper 
chip operation. 


15 


Data Row 
Boundary 


ORB 


Output: this signal is active low for one full scan line (from VLT trailing edge to VLT trailing 
edge) at the top scan line of each new data row. This signal can be used to swap buffers in 
the double row buffer mode. It indicates the particular horizontal retrace time that the CRT 
9007 outputs addresses (VA13-VA0) for single row buffer operation. There will always 
be one extra DRB signal which will become active during the first scan line of the vertical 
retrace interval. 


34 


Cursor 


CURS 


Output; this signal marks the cursor position on the screen as specified by the horizontal and 
vertical cursor registers. The signal is active for one character time at the particular character 
position for all scan lines within the data row. For double height or width characters, thi."; sig- 
nal is active for 2 consecutive CCLK's in every scan line within the data row. For double 
height characters, this signal can be programmed to be active at the proper position for 2 
consecutive data rows. 

CURS is also used to signal either a double height or double width data row by becoming 
active during the horizontal retrace (CBLANK active) prior to a double height or double width 
scan line. The time of activation and deactivation is a function of the addressing mode, buffer 
configuration and the scan line number. See section of Double height/width for details. 


35 ■ Composite Blank CBLANK 

1 1 


Output. This signal when active high, indicates that a retrace (either horizontal or vertical) will 
be performed. The signal remains active for the entire retrace Interval as programmed. It is 
used to blank the video to a CRT. 



USER SELECTABLE PINS: (see Tables 4 and 5) 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


28, 29, 30, 31 


Scan Line 3- 
Scan Line 


SL3-SL0 


Output; these 4 signals are the direct scan line counter outputs, in binary form, that indicate 
to the character generator the current scan line. These signals continue to be updated 
during the vertical retrace interval. SL3 and SL0 are the most and least significant 
bits respectively. 


28 


Direct Memory 
Access Request 


DMAR 


Output; this signal Is the DMA request issued by the CRT 9007. It will only become active if 
the acknowledge (ACK) input is inactive. It remains active high throughout the entire 
DMA operation. 


28 


Vertical Blank 


VBLANK 


Output; this signal is active high only during the vertical retrace period. 


29 


Write Buffer 
Enable 


WBEN 


Output; this active high signal is used to gate the clock feeding the write buffer in a double 
row buffer configuration. 


29 or 32 


Composite Sync 


CSYNC 


Output; this signal provides a true RS-1 70 composite sync waveform with equalization pulses 
and vertical serrations in both interlace and noninterlace formats. Figure 3 Illustrates the 
CSYNC output in both interlaced and noninterlaced formats. 


30 


Scan Line Gate 


SLG 


Output; this active low signal is used as a clock gate. It captures the correct 5 or 6 CCLK's 
and, in conjunction with SLD (pin 31), allows scan line information to be loaded serially into 
an external shift register. 


31 


Scan Line Data 


SLD 


Output; this siqnal allows one to load an external shift reaister with the current scan line 
count. The count is presented least significant to most significant bit during the 5 or 6 CCLK's 
framed by SLG. With this form of scan line representation, it is possible to define up to 32 
scan lines per data row. 

The external shift register must be at least 5 bits in length. Even though 6 shifts can occur 
one should only use the 5 last bits shifted to define the scan line count. The extra shift occurs 
in interlace or double height character mode to allow the scan line count to be adjusted to Its 
proper value. Figures 4 and 5 illustrate the serial scan line timing. 


32 


Light Pen Strobe 


LPSTB 


Input; this signal strobes the current row/column position into the light pen register at its posi- 
tive transition. 


33 


Acknowledge ACK 

[ 


Input; this active high signal acknowledges a DMA request. It indicates that the processor 
bus has entered its high impedance state and the CRT 9007 may access video memory. It is 
not recommended to deactivate this signal during a CRT 9007 DMA cycle because the CRT 
9007 will not shut down in a predictable amount of time. 


33 


Three State TSC 
Control 


Input; this signal, when active low, places VA13-VA0 in their high impedance state. 
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OPERATION MODES 



Single Row Buffer Operation 

The CRT 9007 configured with a CRT 9006 Single Row 
Buffer is shown in figure 6. The use of the CRT 9006 Single 
Row Buffer requires that the buffer be loaded at the video 
painting rate during the top scan line of eachdata row. How- 
ever, after the UH i yuob is loaded, tne Ch i yuu/ address 
lines enter their high impedance state for the remaining N- 
1 scan lines of the data row, thereby permitting full proces- 



sor access to memory during these scan lines. The per- 
centage of total memory cycles available to the processor 
is approximately [(N-1 )/N] x 100 where N is the total num- 
ber of scan lines per data row. For a typical system_with 12 
scan lines per data row this percentage is 92%. i-igure / 
illustrates typical timing for the CRT 9007 used with the CRT 
9006 Single Row Buffer. 
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Double Row Buffer Operation 

Figure 8 shows the CRT 9007 used in conjunction with a 
CRT 9212 Double Row Buffer. The Double Row Buffer has 
a read buffer which is read at the painting rate of the CRT 
during each scan line in the data row. While the read buffer 
is being read and supplying data to the character generator 
for the current displayed data row, the write buffer is being 
loaded with the next data row to be displayed. This 
arrangement allows for relaxed write timing to the write buffer 
as it may be filled in the time it takes for N scan lines on the 
CRT to be painted where N is the number of scan lines per 
data row. Used in this configuration, the CRT 9007 takes 

^HA/oirfonQ of t h o rr>lov/^H \A/ritQ hi iff or timin/i h\/ QtaQlin/i 
CtUvcti 1 ict^t? ut tttt? rCftCtAt?tJ WttK? UU noi tTrrlttiy t?y otCctntly 

memory cycles from the processor to fill the write buffer 
(Direct memory access operation). The CRT 9007 sends 
the DMAR (DMA request) signal, awaits an ACK (acknowl- 
edge) signal and then drives out on VA13-VA0 the address 
at which the next video data resides. The CRT 9007 then 
activates the WBEN (write buffer enable) signal to write the 
data into the buffer. If for example there are 80 characters 
per data row, the CRT 9007 performs 80 DMA operations. 
The user has the ability to program the number of DMA cycles 
performed during each DMAR-ACK sequence, as well as 



the delay between each DMAR-ACK sequence, via the DMA 
CONTROL REGISTER (RA). If 8 DMA operations are 
performed for each ACK received, 10 such DMAR-ACK 
sequences must be performed to completely fill the write 
buffer. The programmed delay allows the user to evenly 
distribute the DMA operations so as not to hold up the pro- 
cessor for an excessive length of time. This feature also 
permits other DMA devices to be used and allows the pro- 
cessor to respond to real time events. In addition, the user 
has the ability to disable the CRT 9007 DMA mechanism. 
Figure 9 illustrates typical timing for the CRT 9007 used with 
the CRT 9212 Double Row Buffer. 

^^11 IV^C tf1v?\^rT t Td \^.\,J\J\a\J\s ^ tlSJ^nl fcJvitl^l 1 IC IO OOL^Ctl CtlO tr I IJ U lO 

for read and write clocks (RCLK, WCLK), it is possible to 
display proportional character widths (variable number of 
dots per character) by reading out the buffer at a character 
clock rate determined by the particular character. The writ- 
ing of the buffer can be clocked from a different and con- 
stant character clock. Figure 10 illustrates the CRT 9007 
used with two double row buffers and a CRT 9021 Video 
Attributes Controller chip to provide proportional character 
display. 
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Repetitive IVIemory Addressing Operation 

In this operation mode, the CRT 9007 will repeat the 
sequence of video addresses for every scan line of every 
data row. The CRT 9007 address bus will enter its high 
impedance state during all horizontal retrace intervals 
(except the retrace interval at a data row boundary if the 
CRT 9007 is configured in a row driven addressing mode). 
This arrangement allows for such low end contention 
schemes as retrace intervention (the processor is only 
allowed access to video memory during retrace intervals) 



and processor priority (the processor has an unlimited 
access to video memory). A high end contention scheme 
can be employed which uses a double speed memory such 
that in a single character period both the processor and the 
CRT 9007 are permitted access to video memory at pre- 
determined time slots. Figure 1 1 illustrates the CRT 9007 
configured with a double speed memory. Typical timing for 
this mode is illustrated in figure 12. 



PROCESSOR 
nPI^C 



<^ 



:ii 



T2— W-OE 3X DRIVER 



X> 



7^ 



XZ 



VIDEO ADDRESS 



7^ 



<^ 



DCLK _riJTJxnji_rLrLn_rLrLn_ 

U LX" 



VIDEO 

RAM 

ADDRESS 



Ti_r 



, PROCESSOR 



PROCESSOR 



^ 



i_Lt 



INT RST +5V GND 



SL3-SU CURS CBLANK 



CCLK- 
DCLK- 



VDC LD/SH R3-R0 

ATTRIBUTES 



CURSOR RETBL 



CRT 8002 
VDAC™ 
CHARACTER/ATTRIBUTES 
A7^ GENERATOR 



FIGURE 1 1 : CRT 9007 CONFIGURATION WITH DOUBLE SPEED MEMORY 



HS 

VLT L 



DRB 




IH 



:T3- 



"L. 



FIGURE 12: CRT 9007 REPETITIVE MEMORY ADDRESS TIMING (32 CHARACTERS PER DATA ROW) 



325 



Attribute Assemble Operation 

This configuration allows the user to retain an 8 bit wide video 
memory in which attributes occupy memory locations but 
not positions on the CRT. This mode assumes that every 
other display position in video memory contains an attri- 
bute. During one clock cycle, attribute data Is latched into 

♦l-»^ ODX Qnrt7. ^1 irinn +Ka r\rw^ ^l^/sU /^ll/^l^^ <a ^kioro^+ar l/^/^<a_ 

.. .^ ^1 ■ . ^^y^, , s<»....j) .. ,s^ ..w>. w.»w.. wjw.>^ uv.. .». v.».>.. .^.wv. 

tion is addressed. The attribute data is driven out along with 
a WBEN signal allowing the character plus Its associated 
attribute to be written simultaneously to two 8 bit double row 
buffers. Figure 13 illustrates the memory organization used 
for the Attribute Assemble mode. The first entry in each data 
row must begin with an attribute. 

Figure 14 shows the CRT 9007 configured in the Attribute 
Assemble mode used with two CRT 9212 Double Row 
Buffers and 8, 16Kx1 dynamic RAMS. This mode, since it 
retains an 8 bit wide memory while providing all the advan- 
tages of a 16 bit wide memory, lends itself to some cost 
effective designs using dynamic RAMS. The CRT 9007 will 
refresh dynamic RAMS because twice the number of the 
programmed characters per data row are accessed 
sequentially for each data row.* Figure 1 5 illustrates typical 
timing of the CRT 9007 used in the Attribute Assemble mode. 
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Figure 13: Attribute Assemble Memory Organization 



*Note: For 50 Hz operation there usually is about 3 milliseconds extra vertical blanking where refreshing might fail. In this situation the 
CRT 9007 can be programmed with about 5 more "dummy" data rows while extending the vertical blank signal. This allows 
the CRT 9007 to start addressing video memory much earlier within the vertical blanking interval and hence provide refresh to 
the dynamic RAMS. When displaying double height or double width data rows, only half as many sequential locations are 
accessed each data row and dynamic RAM refresh might fail. 
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Smooth Scroll Operation 

Smooth scroll requires that all or a portion of the screen move 
up or down an integral number of scan lines at a time. 2 user 
programmable registers allow one to define the "start data 
row" and the "end data row" for the smooth scroll opera- 
tion. A SMOOTH SCROLL OFFSET REGISTER (R17), 
when used in conjunction with a CRT 9007 vertically timed 
interrupt, allows the user to synchronize the update of the 
offset register to the vertical frame rate. The offset register 
causes the scan line counter outputs of the CRT 9007 to 
start at the programmed offset value rather than zero for 



the data row that starts the smooth scroll interval. To allow 
complete flexibility in smooth scroll direction and rate, one 
can update the offset register in the positive as well as neg- 
ative direction and can also offset any number of scan lines 
each frame. Since a smooth scroll can momentarily result 
in a partial data row consisting of one scan line, the loading 
of the write buffer under DIVIA operations for the start and 
end data row of the smooth scroll operation is forced to occur 
in one scan line. This condition overrides the programma- 
ble DIVIA CONTROL REGISTER (RA). 



HS 
VLT 



J I 



-I J 




rrv^v/ 



-K- 



h-16 -1 DMA CYCLES*-»+»8 DELAYH 



J^o r\c\ Aw^ ^** 



-16 DMA CYCLES— »H-8 DELAYH 






-ih- 

o o o 



juiruuuirL 



juiruuirmji 



_finjin_.„„juiri[UL 



* DMA cycles will always end at a character fetch 



FIGURE 15: CRT 9007 ATTRIBUTE ASSEMBLE TIMING (32 CHARACTERS PER DATA ROW) 
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ADDRESSING MODES 



Row Table Addressing 

In this addressing mode, each data row in video memory is 
designated by its own starting address. This provides greater 
fiexibility with respect to screen operations than with other 

ttuuieSSlii^ sCi'iei McS uS6u Oy pi'cviOUS ^n i COntrOiicrS. 1 1 16 

row tabie, which is a iist of starting addresses for each data 
row, can be configured in one of 2 ways. The choice of row 
tabie format is highly dependent upon the particular appli- 
cation and the programmer's preference since each format 
allows full utilization of the CRT 9007 features. 

Contiguous Row Tabie Format 

In this format, the TABLE START REGISTER (RC and RD) 
points to the address where the row table begins. The con- 
tents of the first 2 locations define the starting address of 
the first data row. These 2 bytes define a 1 4 bit address where 
the first byte is the low order 8 bits and the second byte is 
the high order 6 bits. The 2 most significant bits of the sec- 
ond byte define double height/width characteristics to the 
current data row. The contents of the third and fourth loca- 
tions define the address where the second data row begins. 
Figure 1 6 illustrates the contiguous row table organization 
in video memory. 

Linked List Row Table Format 

In this format the TABLE START REGISTER (RC and RD) 
points to the memory location which starts the entire 
addressing sequence into operation. The first byte read is 
the lower 8 bits and the second byte read is the upper 6 bits 
of the next data row's start address. The 2 most significant 
bits of the second byte define double height/width charac- 
teristics for the data row about to be read. The third, fourth, 
fifth, etc., bytes read are the first, second, third, etc., char- 
acters of the current data row. Figure 17 illustrates the linked 
list row table organization in video memory. 
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Sequential Addressing^ 

In this addressing mode, characters on the display screen 
are located in successive memory locations. The TABLE 
START REGISTER (RC and RD) points to the address of 
the first character of the first data row on the screen. In this 
mode the TABLE START REGISTER does not point to the 
start of a table but the start of the screen. As each character 



is read by the CRT 9007 for display refresh, the internal video 
address register is incremented by one to access the next 
character. 

For more versatile systems operation in the sequential 
addressing mode, SEQUENTIAL BREAK REGISTER 1 
(RIO) and SEQUENTIAL BREAK REGISTER 2 (R12) may 
be used to define the data rows at which two additional 



'SEQUENTIAL BREAK 2 is not functional in the repetitive memory addressing mode. It is fully functionalin all other operation modes. 
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sequential display areas begin. Note that DATA ROW END 
REGISTER (R12) is defined as SEQUENTIAL BREAK 
REGISTER 2 (R12) for the sequential addressing mode only. 
The starting addresses for these two additional display areas 
are defined by AUXILIARY ADDRESS REGISTER 1 (RE 
and RF) and AUXILIARY ADDRESS REGISTER 2 (R13 and 
R14). When the raster begins painting a data row equal to 
the number programmed in one of the sequential break 
registers, the CRT 9007 addresses the video memory 
sequentially starting with the address specified by the cor- 
responding auxiliary address register. Figure 18 illustrates 
a display with 80 characters per data row having sequential 
breaks at data rows 3 and 6. 

Using the sequential addressing mode with 2 breaks, it is 
possible to roll a portion of the screen and keep the rest of 
the screen stable. Double height/width characteristics can 
be attached to the 2 sequentially addressed screens defined 
by SEQUENTIAL BREAK REGISTERS 1 and 2 by using the 
2 most significant bits of AUXILIARY ADDRESS REGIS- 
TERS 1 and 2. See the description of these 2 registers for 
their bit definition. 



TABLE START REGISTER = 1000 
AUXILIARY ADDRESS REGISTER 1 =2000 
AUXILIARY ADDRESS REGISTER 2 = 0800 
SEQUENTIAL BREAK REGISTER 1=3 
SEQUENTIAL BREAK REGISTER 2 = 6 
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Figure 18: Sequential Addressing Example 
With Two Breaks 



Double Height/Width Operation 

When double height/width characters (2XH/2XW) are dis- 
played, the following will occur: 

1 . the CRT 9007 will address half as many characters for 
each data row by incrementing its address every other 
character clock. 

2. the high speed video shift register supplying serial video 
to the CRT must shift out dots at half frequency. 

3. For do uble h eight, the scan line counter outputs (SL3- 
SLO or SLG, SLD) are incremented every other scan 
line. 

The CRT 9007 is informed of the double height or double 
width display modes via the 2 most significant bits of the 
row table address or the 2 most significant bits of the AUX- 
ILIARY ADDRESS registers depending on the selected 
addressing mode. In any case, once the information is 
obtained by the CRT 9007, it must initiate the 3 tasks listed 
above. Tasks 1 and 3 are performed as appropriate and task 
2 is performed using the CURS output of the CRT 9007 dur- 
ing CBLANK (horizontal retrace) to signal the external logic 
that a change in the dot shift frequency is required. The exact 
time of activation and deactivation of the CURS signal dur- 
ing horizontal retrace is a function of addressing mode, 
operation mode and actual scan line number to be painted. 
Tables 1 and 2 show the cursor activation and deactivation 
times as a function of the buffer configuration and address- 
ing mode for the top scan line of a new data row. Tables 1 
and 2 assume a cursor skew of zero. A cursor skew will effect 
the cursor position during trace as well as retrace time. For 
all sub sequent scan lines, the CURS signal is activated 3 
C CLK's after VLT trailing edge and stays active for exactly 
1 CCLK assuming no cursor skew. When the cursor is placed 
on a double height or double width data row, it will become 
active for 2 CCLK's to allow the cursor to be displayed as 
double width. If the cursor position is programmed to reside 



OPERATION 
MODE 


ADDRESSING MODE | 


Row Driven (linked list 
or contiguous) 


Sequential 


Repetitive Memory 
Addressing 

Single row buffer 

Double row buffer 


1 CCLK after high byte 
of row table read 

1 CCLK after high byte 
of row table read 

1 CCLK after high byte 
of row table read 


1 CCLK after TSC 
leading edge 

1 CCLK after TSC 
leading edge 

1 CCLK after ACK 
leading edge 



in the top half of a double height data row, it may become 
active for all scan lines in both the current and next data row 
to allow the cursor to be displayed as double height. 

For row driven addressing, a particular data row or pair of 
data rows can appear in one of the following ways as a 
function of the two most significant bits of the row table 
address (bits 15 and 14). 

— Single height, single width (Row table address bits 15, 
14 = 00). The CRT 9007 will display the particular data 
row as single height, single width. 

— Single height, double width (Row table address bits 15, 
14 = 01). The CRT 9007 will display the particular data 
row as single height double width by accessing half as 
many characters as appear in a single width data row. 
The CURS signal becomes active during horizontal 
retrace in the manner described previously. 

— Double height, double width top half (Row table address 
bits15, 14 = 10). In addition to providing the special tim- 
ing associated with single height double width data rows, 
the scan line counter is started from zero and incre- 
mented every other scan line until N scan lines are painted 
(N is the number of scan lines per single height data row) . 
In this way, new dot information appears every other scan 
line and the top half of the data row appears in N scan 
lines. 

—Double Height, Double Width Bottom Half (Row table 
address bits 15, 14 = 11) — Same as Double Height, 
Double Width Top except the scan line counter is started 
from N/2 (or (N-1)/2 if N is odd), and incremented every 
other scan line until N scan lines are painted. In single 
row buffer operation, a double height bottom data row 
can only stand alone during a smooth scroll operation; 
otherwise it is assumed to follow a double height top 
data row. 



OPERATION 
MODE 


ADDRESSING MODE | 


Row driven (linked list 
or contiguous) 


Sequential 


Repetitive Memory 
Addressing 

Single row buffer 

Double row buffer 


at the leading edge of 
VLT 

at the leading edge of 
VLT 

1 CCLK after leading 
edge of CURS 


at the leading edge of 
VLT 

at the leading edge of 
VLT 

1 CCLK after leading 
edge of CURS 



Table 1 : Double Height/Width CURS activation for top scan 
line of new data row. 



Table 2: Double Height/Width CURS deactivation for top scan 
line of new data row. 
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PROCESSOR ADDRESSABLE REGISTERS 



All CRT 9007 registers are selected by specifying the 
address on VA5-0 and asserting CS. All 14 bit registers are 
written or read as two consecutive 8 bit registers addressed 
low byte first. Only the VERTICAL CURSOR REGISTER 
and the HORIZONTAL CURSOR REGISTER are read/write 
registers with 2 different addresses for read or write oper- 
ations. The register address assigned to each register rep- 
resents the actual address in hexadecimal form that must 
appear on VA5-0. Figure 2 illustrates all processor to CRT 
9007 register timing. Tables 3a, 3b, and 3c summarize all 
register bits and provide register addresses. 

HORIZONTAL TiMiNQ REGISTERS 

The following 4 registers define the horizontal timing 
parameters. Figure 1 9 relates the horizontal timing to these 
registers. 

CHARACTERS PER HORIZONTAL PERIOD (RO) 

This 8 bit write only register, programmed in units of char- 
acter times, represents the total number of characters in 
the horizontal period (trace plus retrace time). This register 
is programmed with the binary number N where N is the 
total characters in the horizontal period. The horizontal period 
should not be programmed for less than 12 characters. 

CHARACTERS PER DATA ROW (R1) 

This 8 bit write only register, programmed in units of char- 



acter times, represents the number of displayable charac- 
ters during the horizontal trace interval. The difference RO 
minus R1 represents the number of character times reserved 
for horizontal retrace. This register is programmed with the 
binarv number (N-1 ) where N is the disolavable characters 
per data row. 

HORIZONTAL DELAY (R2) 

This 8 bit write only register, programmed in units of char- 
acter times, represents the time between the leading edge 
of horizontal sync and leading edge of VLT This register is 
programmed with N where N represents the time of hori- 
zontal delay. By programming this time greater than the 
horizontal blank interval, one can obtain negative front porch 
(horizontal sync begins before the horizontal blank interval). 

HORIZONTAL SYNC WIDTH (R3) 

This 8 bit write only register defines the horizontal sync width 
in units of character times. The start of the sync pulse is 
defined by the HORIZONTAL DELAY REGISTER and the 
end is independent of the start of the active display time. 
This register is programmed with N where N is the horizon- 
tal sync width. However this register must be programmed 
less than or equal to [(A/2)-1] where A is the programmed 
contents of REGISTER rounded to the smallest even 
integer. 



VERTICAL TIMING REGISTERS 



The following 5 registers define the vertical timing param- 
eters. Figure 20 relates the vertical timing to these regis- 
ters. 

VERTICAL SYNC WIDTH (R4) 

This 8 bit write only register defines the vertical sync width 
in units of horizontal periods. The start of this signal is defined 
by the delay register (R5) and the end is independent of 
the start of the active display time. This register is pro- 
grammed with N where N is the vertical SYNC width. 

VERTICAL DELAY (R5) 

This 8 bit write only register, programmed in units of hori- 
zontal periods, represents the time between the leading edge 
of vertical sync and the leading edge of the first VLT after 
the vertical retrace interval. This register is programmed with 
(N+1) where N represents the time of the vertical delay. 

VISIBLE DATA ROWS PER FRAME (R7) 

This 8 bit write only register defines the number of data rows 



displayed on the screen. This register is programmed with 
(N-1 ) where N is the number of data rows displayed. 

SCAN LINES PER DATA ROW (R8) 

The 5 LSBs of this write only register define the number of 
scan lines per data row. These 5 bits are programmed with 
(N-1 ) where N is the number of scan lines per data row. When 
programming for scan lines per data ro w gre ater than 16, 
only the serial scan line pin option (SLD, SLG) can be used. 

SCAN LINES PER VERTICAL PERIOD (R8; R9) 

Registers R9 and the 3 most significant bits of R8 define 
the number of scan lines for the entire frame. R8 contains 
the 3 most significant bits of the 1 1 bit programmed value 
and R9 contains the 8 least significant bits of the 1 1 bit pro- 
grammed value. The 1 1 bits are programmed with N where 
N is the number of scan lines per frame. In the 2 interlace 
modes, the programmed value represents the number of 
scan lines per field. 
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FIGURE 20: CRT 9007 VERTICAL TIMING 



PIN CONFIGURATION/SKEW BITS REGISTER (R6) 

This 8 bit write only register is used to select certain pin 
configurations and to skew (delay) the cursor and the blank 
signals independently with respect to the video signal sent 
to the monitor. The bits take on the following definition: 

Bit 7, 6 (Pin Configuration) 

These 2 bits, as illustrated in tables 4 and 5, define all pinout 
configurations as a function of double row buffer mode and 
non double row buffer mode. (The buffer mode is defined 
in the CONTROL REGISTER bits 3, 2, and 1 .) The attribute 
assemble mode is assumed to be a double row buffer mode 
and obeys table 4. 

Bits 5, 4, 3 (Cursor skew) 

These three bits define the number of character clocks the 
cursor signal is skewed (delayed) from the VLT signal. The 



REGISTER R6 BITS 


CRT 9007 PIN NUMBER 


7 6 


28 29 30 31 32 33 


1 

1 1 


DMAR WBEN SLG SLD CSYNC ACK 
DMAR WBEN SLG SLD LPSTB ACK 




1 


NOT PERMITTED 
NOTPERMIIIhD 



Table 4: Pin configuration for double row buffer and attribute 
assemble modes. 



VLT signal is active for all characters within a data row and 
a non skewed cursor will always become active within the 
active VLT time at the designated position. The cursor can 
be skewed from to 5 character clocks (Bits 5, 4 and 3 pro- 
grammed from 000 to 101, bit 5 is the most significant bit; 
bit 3 is the least significant bit). For double height/width data 
rows, the cursor signal appearing during horizontal retrace 
is also skewed as programmed. 

Bits 2, 1,0 (Blank skew) 

These three bits define the number of character clocks the 
horizontal blank component of the CBLANK signal is skewed 
(delayed) from the VLT signal. The edges of VLT will line up 
exactly with the edges of the horizontal component of the 
CBLANK signal If no skew is programmed. The CBLANK 
can be skewed from to 5 character clocks (Bits 2, 1 and 
programmed from 000 to 101, bit 2 is the most significant 
bit; bit is the least significant bit). 



REGISTERS BITS 


CRT 9007 PIN NUMBER 


7 6 


28 29 30 31 32 33 




1 

1 1 


SL3 SL2 SL1 SLO CSYNC ISC 

SL3 SL2 SL1 SLO LPSTB ISC 

VBUVNK CSYNC SLG SLD LPSTB ISC 


1 


NOT PERMITTED 



Table 5: Pin configuration for Single Row Buffer and Repetitive 
Memory Addressing Modes. 



DMA CONTROL REGISTER (RA) 

This 8 bit write only register allows the user to set up a DMA 
burst count and delay as well as disable the DMA mecha- 
nism of the CRT 9007. The register bits have the following 
definition: 

Bit 7 (DMA Disable) 

A logic one will immediately force the CRT 9007 DMA request 
to the Inactive level and the CRT 9007 address bus (VA13- 
VAO) will enter its high impedance state. After enabling the 
DMA mechanism by setting this bit to a logic zero, a start 
command must be issued (see START COMMAND, R15). 

Bits 6, 5, 4 (DMA Burst Delay) 



These 3 bits define the number of clock delays (CCLK) 
between successive DMAR-ACK sequences. Bit 6 is the 
most and bit 4 is the least significant bit respectively. When 
programmed with a number N, the CRT 9007 will delay for 
4 (N + 1) clock cycles before initiating another DMA request. 
If 1 1 1 is programmed, however, this will result in a zero delay 
allowing all characters to be retrieved from video RAM in 
one DMA burst regardless of the value programmed for the 
DMA burst count. 

Bits 3,2,1,0 (DMA Burst Count) 



These 4 bits define the number of DMA operations in one 
DMAR-ACK sequence. Bit 3 is the most and bit is the least 
significant bit respectively. When programmed with a num- 
ber N, the CRT 9007 will produce 4 (N + 1 ) DMA cycles before 
relinquishing the bus. When programmed with 0000, the 
minimum DMA Burst will occur (4x1=4) and when pro- 
grammed with 1 1 11 the maximum DMA Burst will occur 
(4 X 16 = 64). When bits 6, 5, and 4 are programmed with 
1 1 1 , no DMA delay will occur and the Burst count will equal 
the number of programmed characters per data row as 
specified in R1. Refer to figures 9 and 15 which illustrate a 
DMA burst of 1 6 and a DMA delay of 8 for double row buffer 
and attribute assemble modes respectively. For single row 
buffer operation, no DMA delay is permitted and bits 6, 5, 4 
must be programmed with 000. 

CONTROL REGISTER (RB) 

This 7 bit write only register controls certain frame opera- 
tions as well as specifying the operation mode used. Inter- 
nal to the CRT 9007, this register is double buffered. Changes 
in the register are reflected into the CRT 9007 at a particular 
time during vertical retrace. This allows the user to update 
the CONTROL REGISTER at any time without running the 
risk of destroying the frame or field currently being painted. 
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The bits take on the following definition: 

Bit 6 (PB/SS) 

= 0; The smooth scroll mechanism is enabled per- 
mitting the SMOOTH SCROLL OFFSET REGIS- 
TER (R17) to be loaded in the scan line counter (SL3- 
or SLG, SLD signals) allowing for a scroll on the 
screen of a predetermined number of scan lines per 
frame or field. The starting and ending of the smooth 
scroll operation is defined by the DATA ROW START 
REGISTER (R11) and DATA ROW END REGIS- 
TER (R12) respectively. 

= 1 ; The page blank mechanism is enabled. The 
CBLANK Signal is made active high for a continu- 
ous period of time starting and ending at the data 
row defined by the DATA ROW START REGISTER 
(R11) and DATA ROW END REGISTER (R12) 
respectively. 

Bits 5, 4 (Interlace) — these 2 bits define one of 3 displayed 
modes as illustrated in figure 21 

= 00; Non interlaced display 

= 10; Enhanced video interlace. This display mode will 
produce an interlaced frame with the same dot 
information painted in adjacent odd/even scan lines. 

= 11; Normal video interlace. This display mode will 
produce an interlaced frame with odd scan lines of 
characters displayed in odd fields and even scan 
lines displayed in even fields. This mode can be used 
to allow the screen to show twice as many data rows 
at half the height since it effectively doubles the 
character density on the screen. 

= 01 ; This combination is not permitted. 

Bits 3, 2, 1 (Operation modes): These 3 bits define the var- 
ious buffer configuration modes as follows: 

= 000; (Repetitive memory addressing) — In this mode 
the address information (VA13-VA0) appears dur- 
ing every visible scan line and the address bus enters 
its high impedance state during all retrace intervals. 
When using a row driven addressing mode (linked 
list or contiguous), the address bus is in the high 
impedance state for all retrace intervals except the 
horizontal retrace interval prior to the top scan line 
of a new data row. This period can be distioguished 
from other retrace intervals because the DRB (data 
row boundary) signal is active. 

= 001 ; (Double row buffer)— In this mode, the CRT 
9007 will address a particular data row from video 
memory one data row prior to the time when it is 
displayed on the CRT. During vertical retrace, the 
first data row is retrieved and loaded into the double 
row buffer. At the next data row boundary (in this 
case at the end of vertical retrace), the first data row 
feeds the character generator while the second data 



row is retrieved from video memory. The address 
bus will enter its high impedance state in accord- 
ance with the DIVIA mechanism for address bus 
arbitration. 

100; (Single row buffer)— In this mode, during the 
first scan line of each data row, the CRT 9007 will 
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character generator at the painting rate of the CRT. 
If the CRT 9007 is used in a row driven addressing 
mode, it will drive the address bus during the retrace 
period prior to the first scan line of each data row in 
order to retrieve the row table address. It will auto- 
matically enter the high impedance state at the end 
of the first visible scan line of each data row. if the 
CRT 9007 is used in a sequential addressing mode, 
it will drive the address bus only during the visible 
line time of the first scan line of each data row. 

= 111; (Attribute assemble) — In the attribute assem- 
ble mode, character data and attribute data are 
shared in consecutive alternating byte locations in 
memory. When the CRT 9007 reads an attribute byte, 
it loads it into its internal attribute latch. During the 
next memory access, a character byte is fetched. 
At this time the CRT 9007 isolates its bus from the 
main system bus and outputs the previously latched 
attribute. A WBEN signal is produced during every 
character byte fetch to allow the character and its 
associated attribute to be simultaneously latched into 
two double row buffers. This mode assumes that 
there exists twice as many byte locations as there 
are displayable character positions on the CRT. The 
first byte of every data row is assumed to be an 
attribute. 

All other combinations of the CONTROL REGIS- 
TER bits 3, 2, 1 are not permitted. 

Bit (2)<C/1XC): This bit allows for either single or double 
height cursor display when the cursor is placed within a 
double height data row as follows: 

= 1 ; (Single height cursor) — The CURS signal will 
appear during every scan line for single height data 
rows and will appear only during the top half or bot- 
tom half of a double height data row depending upon 
where the VERTICAL CURSOR REGISTER (R18, 
R38) defines the CURSOR data row. 

= 0; (Double height cursor)— If the VERTICAL CUR- 
SOR REGISTER (R18, R38) places the cursor in 
the top half of a double height data row, the CURS 
signal will appear during every scan line of the top 
half (the current data row) and the bottom half (the 
next data row) of the double height data row. If the 
cursor is placed in the bottom half of a double height 
data row or if it is placed in a single height data row, 
the CURS signal will only appear during the one 
particular data row. 
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FIGURE 21: CRT 9007 INTERLACE MODES 
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TABLE START REGISTER (RC AND RD) 

This 16 bit write only register contains a 14 bit address which 
is used in a variety of ways depending on the addressing 
mode chosen; the 2 remaining bits define the addressing 
mode. Register C contains the lower 8 bits of the 14 bit 
address. The 6 least significant bits of register D contain 
the upper 6 bits of the 1 4 bit address. The 2 most significant 
bits of register D define four addressing modes as follows: 

Register D bits 7, 6: 

= 00; (Sequential addressing mode)— The CRT 9007 
will address video memory In a sequential fashion 
starting with the 14 bit address contained in REG- 
ISTER D bits 5-0 and REGISTER C bits 7-0. 2 
sequential breaks are allowed as defined by 
SEQUENTIAL BREAK 1 (RIO) using AUXILIARY 
ADDRESS REGISTER 1 (RE and RF) and 
SEQUENTIAL BREAK 2 (R12) using AUXILIARY 
ADDRESS REGISTER 2 (R13 and R14). 

= 01; (Sequential roll addressing mode) — The CRT 
9007 will address video memory in a sequential 
fashion starting with the 14 bit address contained in 
REGISTER D bits 5-0 and REGISTER C bits 7-0. 
SEQUENTIAL BREAK REGISTER 1 and AUXIL- 
IARY ADDRESS REGISTER 1 can be used to cause 
one sequential break as described in the sequential 
addressing mode. A second break in the sequential 
addressing can be defined by SEQUENTIAL BREAK 
REGISTER 2 (R12) and AUXILIARY ADDRESS 
REGISTER 2 (R13 and R14) permitting up to 3 sep- 
arate sequentially addressed screens to be painted. 

= 10; (Contiguous row table mode)— The CRT 9007 
will address video memory according to the contig- 
uous row table format. The 14 address bits con- 
tained in REGISTER D bits 5-0 and REGISTER C 
bits 7-0 define an address that points to the begin- 
ning of the contiguous row table. 

= 11; (Linked list row table mode)— The CRT 9007 will 
address video memory according to the linked list 
row table format. The 14 address bits contained In 
REGISTER D bits 5-0 and REGISTER C bits 7-0 
define the address at which the second row table 
entry and the first data row reside. 



AUXILIARY ADDRESS REGISTER 1 (RE and RF) 

This 1 6 bit write only register contains a 1 4 bit address. The 
6 least significant bits of REGISTER F contain the upper 
order 6 bits of the 14 bit address and REGISTER E contains 
the 8 lower order bits of the 14 bit address. When the cur- 
rent data row equals the value programmed In SEQUEN- 
TIAL BREAK REGISTER 1 (RIO) the remainder of the screen 
Is addressed sequentially starting at the 14 bit address 
specified In this register. This sequential break overrides 
any row driven addressing mode used prior to the sequen- 
tial break. 

The 2 most significant bits of REGISTER F attow one to 
attach double height and/or double width characteristics to 
every data row In this sequentially addressed area in the 
following way: 

For Double row buffer or attribute assemble mode REG- 
ISTER F Bits 7, 6 

= 00; single height single width 

= 01 ; single height double width 

= 10; even data rows are double height double width 
top half odd data rows are double height double 
width bottom half 

= 11; odd data rows are double height double width 
top half even data rows are double height dou- 
ble width bottom half 



For Single row buffer or repetitive memory addressing mode 
REGISTER F Bits 7, 6 

= 00; single height single width 

= 01 ; single height double width 

= 10; odd data rows are double height double width 
top half even data rows are double height dou- 
ble width bottom half 

= 11; even data rows are double height double width 
top half 

odd data rows are double height double width 
bottom half 



SEQUENTIAL BREAK REGISTER 1 (R10) 

This 8 bit write only register defines the data row number in 
which a new sequential video address begins as specified 
by AUXILIARY ADDRESS REGISTER 1 (RE and RF). To 
disable the use of this break, the register should be loaded 
with a data row count greater than the number of display- 
able data rows on the screen. 

DATA ROW START REGISTER (R11) 

This 8 bit write only register defines the first data row num- 
ber at which a page blank or smooth scroll operation will 
begin. Bit 6 of the CONTROL REGISTER determines If a 
page blank or smooth scroll operation will occur. 

DATA ROW END/SEQUENTIAL BREAK 
REGISTER 2 (R12) 

This 8 bit write only register has a dual function depending 
on the addressing mode used. For row driven addressing 
(contiguous or linked list as specified by the 2 most signifi- 
cant bits of the TABLE START REGISTER) this register 



defines the data row number which ends either a page blank 
or smooth scroll operation. The row numerically one less 
than the row defined by this register is the last data row on 
which the page blank or smooth scroll will occur. To use the 
page blank feature to blank a portion of the screen that 
includes the last displayed data row, this register must be 
programmed to zero. For sequential addressing, this reg- 
ister can cause a break in the sequential addressing at the 
data row number specified and a new sequential address- 
ing sequence begins at the address contained in AUXIL- 
IARY ADDRESS REGISTER 2. 

AUXILIARY ADDRESS REGISTER 2 (R13 and R14) 

This 16 bit write only register contains a 14 bit address. The 
6 least significant bits of REGISTER 14 contain the upper 
order 6 bits of the 14 bit address and REGISTER 13 con- 
tains the 8 lower order bits of the 14 bit address. In the row 
driven addressing mode, this register is automatically loaded 
by the CRT 9007 with the current table address. The two 
most significant bits of REGISTER 14 specify one of four 
combinations of row attributes (for example double height 
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double width) on a row by row basis. Refer to tiie section 
entitled Double Heigfit/Double Width operation for the 
meaning of these 2 bits. In the sequential addressing mode, 
this register can be loaded by the processor with a 14 bit 
address and a 2 bit row attributes field. The bit positions are 
identical for the row driven addressing mode. When the 
current data row eauais the value oroarammed in DATA ROW 
END/SEQUENTIAL BREAK REGISTER 2 (R12), the 
remainder of the screen is addressed sequentially starting 
at the location specified by the programmed 14 bit address. 
The 2 most significant bits of register 1 4 allow one to attach 
double height and or double width characteristics to every 
data row in this sequentially addressed area. The bit defi- 
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bitsof AUXILIARY ADDRESS REGISTER 1 and affect the 
display in an identical manner. 

START COMMAND (R1 5) 

After all vital screen parameters are loaded, a START com- 
mand can be initiated by addressing this dummy register 
location within the CRT 9007. A START command must be 
issued after the DMA mechanism is enabled (DMA CON- 
TROL REGISTER bit 7). 

RESET COMMAND (R16) 

The CRT 9007 can be reset via so ftwar e by addressing this 
dummy location. Activation of the RST input pin or initiating 
this software command will effect the CRT 9007 in an iden- 
tical manner. The reset state of the CRT 9007 is defined as 
follows: 

CRT 9007 outputs Reset state 



VA13-0 

yD7-0 

HS 

VS 

CBLANK 

CURS 

VLT 

DRB 

INT 

Pin 28 

Pin 29 

Pin 30 

Pin 31 

Pin 32 



High impedance 

High impedance 

High 

High 

High 

Low 

Low 

High 

Low j 

Low / 

Low '' 

Low 

Low 

Low 



SMOOTH SCROLL OFFSET REGISTER (R17) 

This register Is loaded with the scan line offset number to 
allow a smooth scroll operation to occur. The offset register 
causes the scan line counter output of the CRT 9007 to start 
at the programmed value rather than zero for the data row 
that starts the smooth scroll interval. The start is specified 
in the DATA ROW START REGISTER (R1 1). Typically, this 
register is updated every frame and it ranges from zero (no 
offset) to a maximum of the programmed scan lines per data 
row (maximum offset). For example, if 12 scan lines per data 
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of zero will cause an unscrolled display. An offset of one will 
cause a display starting at scan line 1 and ending at scan 
line 1 1 (eleven scan lines total). An offset of eleven will cause 
a display starting at scan line eleven. 

The next scan line will be zero, starting the subsequent data 
row. To allow smooth scroll of double height rows, the pro- 
grammed range of the register is from zero to twice the pro- 
grammed scan lines per data row. Whenever the offset 
register if greater than the programmed scan lines per data 
row, bit 7 of the register must be set to a logic 1 (offset over- 
flow). It must be set to a logic zero at all other times. The 6 
bit offset value occupies bits 6 through 1 . Bit must always 
be programmed with a logic zero. By setting the offset over- 
flow (bit 7) to a logic 1 , it is possible to have the bottom half 



of a double height data row stand alone in Single Row Buffer 
Mode by programming the scrolled data row as double height 
top half and loading R17 with the proper value. 

VERTICAL CURSOR REGISTER (R18 or R38) 

This 8 bit read/write register specifies the data row in which 
the cursor appears. To write into this register it is addressed 
as R1 8 and to read from this register it is addressed as R38. 

HORIZONTAL CURSOR REGISTER (R19 or R39) 

This 8 bit read/write register specifies the character posi- 
tion in which the cursor appears. To write into this register 
it is addressed as R19 and to read from this register it is 

aHrjrQceorj og E^39. 

It should be noted that the vertical and horizontal cursor is 
programmed in an X-Y format with respect to the screen 
and not dependant upon a particular location in video 
memory. The cursor will remain stationary during all scroll 
operations. 

INTERRUPT ENABLE REGISTER (R1A) 

This 3 bit write only register allows each of the three CRT 
9007 interrupt conditions to be individually enabled or dis- 
abled according to the following definition: 

Bit 6 (Vertical retrace interrupt) — This bit, when set to a logic 
one, will cause the CRT 9007 to activate the INT signal when 
a vertical retrace (i.e., the start of the vertical blanking interval) 
begins. 

Bit 5 (Light pen interrupt) — This bit, when set to a logic one, 
will cause the CRT 9007 to activate the INT signal when the 
LIGHT PEN REGISTER (R3B, R3C) captures an X-Y coor- 
dinate. This interrupt, which occurs at the beginning of vertical 
retrace, reflects the occurrence of a LPSTB input on the 
frame or field just painted. This interrupt need not be ena- 
bled when other CRT 9007 interrupt conditions are enabled 
since the STATUS REGISTER (R3A) will flag the occur- 
ance of a light pen update and servicing can be done off of 
other interrupts. 

Bit (Frame timer)— This bit, when set to a logic one, allows 
the CRT 9007 to activate the INT signal once every frame 
or field at a time when a potential smooth scroll update may 
occur. In this way the user can use the frame timer interrupt 
as both a real time clock and can service smooth scroll 
updates and other frame oriented operations by using the 
appropriate status bits. This interrupt will occur after the last 
row table entry is read by the CRT 9007. In single row buffer 
operation, this will occur one data row before the start of 
vertical retrace. In double row buffer operation, this will occur 
two data rows before the start of vertical retrace. 

STATUS REGISTER (R3A) 

This 5 bit register flags the various conditions that can 
potentially cause an interrupt regardless of whether the 
corresponding condition is enabled for interrupt. In this way 
some or all of the conditions can be reported to the proces- 
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are enabled for interrupt, the processor, in response to an 
interrupt, simply has to read the STATUS REGISTER to 
determine the cause of the interrupt. The bit definition of the 
STATUS REGISTER is as follows: 

Bit 7 (Interrupt Pending) — This bit will set when any other 
status bit, having its corresponding interrupt enabled, 
experiences a to 1 transition. In this manner, when the 
processor services a potential CRT 9007 interrupt, it only 
has to test the interrupt pending bit to determine if the CRT 
9007 caused the internjpt. If it did, the individual bits can 
then be tested to determine the details of the CRT 9007 
interrupt. Any noninterruptable status change (corre- 
sponding interrupt enable bit reset to a logic 0) will not be 
reflected in the interrupt pending bit and must be polled by 
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the processor in order to provide service. Tine interrupt 
pending bit is reset winen the status register is read. All other 
bits except Light Pen Update are reset to a logic at the 
end of the vertical retrace interval. The light pen update bit 
is reset to a logic when the HORIZONTAL LIGHT PEN 
REGISTER is read. 

Bit 6 (Vertical Retrace)— A logic 1 indicates that a vertical 
retrace interval has begun. 

Bit 5 (Light Pen Update)— A logic 1 indicates that a new 
coordinate has been strobed into the LIGHT PEN REGIS- 
TER. It is reset to a logic zero when the HORIZONTAL LIGHT 
f^EMREGISTER is read. The^ight peneoor^in^atesfflay+iave 
to be modified via software depending on light pen char- 
acteristics. 

Bit 2 (odd/even) — For a normal video interlaced display, this 
bit is a logic 1 when the field about be painted is an odd field 
and is a logic zero when the field about be painted is an 
even field. 



Bit (Frame timer occurred) — This bit becomes a logic 1 
either one or two data rows before the start of vertical retrace. 
Since this bit is set when the CRT has finished reading the 
row table for the frame or field just painted, it permits row 
table manipulation to start at the earliest possible time. 

VERTICAL LIGHT PEN REGISTER (R3B) 

This 8 bit read only register contains the vertical coordinate 
captured at the time the CRT 9007 received a light pen strobe 
signal (LPSTB). 

HORIZONTAL LIGHT PEN REGISTER (R3C) 

This 8 bit read only register contains the horizontal coordi- 
nate captured at tfie tirfie the CRTgoOTrecefved alight pen 
strobe signal. When a coordinate is captured, the appro- 
priate status bit is set and further transitions on LPSTB are 
ignored until this register is read. The reading of this reg- 
ister will reset the light pen status bit in the STATUS REG- 
ISTER. The captured coordinate may have to be modified 
in software to allow for light pen response. 
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FIGURE 3: TYPICAL SYNC WAVEFORMS FOR INTERLACED AND NON-INTERLACED MODES 
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FIGURE 4: SERIAL SCAN LINE TIMING: NON INTERLACE 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°to + 70°C 

Storage Temperature Range - 55°C to + 1 50°C 

Lead Temperature (soldering, 10 sec.) + 325°C 

Positive Voltage on any Pin, with respect to ground + 8V 

Negative Voltage on any Pin, with respect to ground - 0.3V 

'Stresses above those listed may cause permanent damage to the device. This is 
a stress rating only and functional operation of the device at these or at any other 

DC ELECTRICAL CHARACTERISTICS T* = 0°Cto + 70°C, Vcc = 5.0V ± 5% 



condition above those indicated in the operational sections of this specification is 
not implied. 

NOTE: When powering this device from laboratory or system power supplies, it Is 
important that the Absolute Maximum Ratings not be exceeded or device failure 
can result. Some power supplies exhibit voltage spikes or "glitches" on their 
outputs when the AC power is switched on and off. In addition, voltage transients 
on the AC power line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 



PARAMRTCD 


■IIU 


TVO 


"AX 


i;r;;TG 


COmmcnTS 


V,H, 
V|H2 


Input voltage 
Low 
High 
High 


2.0 
4.3 




0.8 


V 
V 
V 


all inputs except CCLK 
CCLK input; see note 4 


VOH 


Output voltage 
Low 
High 


2.4 




0.4 


V 
V 


loL = 1.6 mA 
loH = 100M.A 




Input leakage current 






10 

50 

-300 


f.A 
|xA 
^.A 


« V|N «3.5V: excluding CCLK 
V,N = 5V;forCCLk 
V|N = 0V; for CCLK 


C|N2 


Input capacitance 




10 
25 




PF 


all inputs except CCLK 
CCLK input 


Ice 


Power supply current 




100 




mA 


170 





AC ELECTRICAL CHARACTERISTICS'; T^ = 0°C to + 70°C, Vc 



■- 5.0V ± 5% 



PARAMETER 


MIN 


TYP 


MAX 


UNITS 


COMMENTS 


Clock.- 
tcY Clock period 

tcKL CIcxik low 
tcKH Clock high 
fcKR Clock rise time 
tcKF Clock fall time 


290 
330 
400 
270 
300 
400 
90 
150 




1200 
1200 
1200 
1200 
1200 
1200 

15 
10 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


CRT9007A ) double row buffer 

CRT9007B > or attribute assemble 

CRT9007C) 

CRT9007A1 all other operation 

CRT9007B } modes 

CRT9007CJ 

measured from 0.8V to 3.5V level 
measured from 90% to 10% points 


Output Delays : 

1d2 
tD3 
tD4 
tvA 

tDSL 
tD5 

tD6 

toSY 

*VDS 

Wdh 

tvDO 
tsUG 

^SLD 

tD7 

toB 


25 
25 
25 

50 
55 
60 
10 




150 
240 
150 
240 
150 
200 
150 
200 
100 
115 
125 
500 
185 
200 
185 
200 
185 
240 

185 
185 
240 
185 
240 
240 
185 
240 
300 
310 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


CRT9007A/B 

CRT9007C 

CRT9007A/B 

CRT9007C 

CRT9007A/B 

CRT9007C 

CRT9007A/B 

CRT9007C 

CRT9007A ) measured to the 2.3V 

CRT9007B J. or 0.5V level on 

CRT9007CJ VA13-VA0 

CRT9007A/B 

CRT9007C 

CRT9007A/B 

CRT9007C 

CRT9007A/B 

CRT9007C 

CRT9007A ) valid for loading auxiliary 

CRT9007B V address register 2 or 

CRT9007C ) attribute latch 

Cl = 50pF 

CRT9007A/B 

CRT9007C 

CRT9007A/B 

CRT9007C 

cursor skew of zero 

CRT9007A/B) cursor skew of one 

CRT9007C J through five 

CRT9007A/B 

CRT9007C 


Processor Read/Write^: 

tAS 

w 

tcSH 
'PDS 
tpDH 
tpDA 

'PDO 
'iRH 


100 
110 



165 
650 
100 



10 




140 
189 
85 
400 
410 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


CRT9007A 
CRT9007B/C 

CRT9007A/B 
CRT9007C 

CRT9007A/B 
CRT9007C 


Miscellaneous Timing: 
Iats 

'rw 

Ww 
'aks 


25 

4tcy 

50 
50 




115 


ns 
ns 

ns 

ns 


measured from the 0.4V level of ACK or ISC falling 

edge 

measured from the 0.4V level falling edge to 0.4V 

level rising edge 

see figure 24 

see figure 24 



NOTE: 1 . Timing measured from the 1 .5V level of the rising edge of CCLK to the 
2.4V (high) or 0.4V (low) voltage level of the output unless othenwise 
noted. 



2. Reference points are 2.4V high and 0.4V low. 

3. Loading on all outputs is 30 pF except where noted. 

4. This level must be reached before the next falling edge of CCLK. 
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^ 



VLT, WBEN 
DRB 

VA13-0 



CSYNC, DMAR, 
CBLANK 



HS,VS 



V^ 



/ 



^. 



^ 



J 



> 



y. 



\ 



J' 



X 



\ 



y: 



Z 






:>: 



X 



/ 



FIGURE 22: CRT 9007 TIMING PARAMETERS: OUTPUT SIGNALS 



+ 5V 
► 390n 



-> 



■ To CCLK 
Input 



74S04 or equivalent 



FIGURE 25: RECOMMENDED CCLK 
DRIVER CIRCUIT 



I^ 



N, / ^. 



X 



\ VALID DATA IN K 



CL 



■^ VALID DATA OUT ^ 



INT (falling edge only) 



r^^ 



\| HIGH IMPEDANCE .. 7 



FIGURE 2: CRT 9007 PROCESSOR READ AND WRITE 
TIMING PARAMETERS 



/ 



FIGURE 23: CRT 9007 MISCELLANEOUS 
TIMING PARAMETERS 
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Register Type 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 

WRITE 
WRITE 
WRITE 



Register Type 
WRITE 



WRITE 
WRITE 



ADDRESS DECODE 
VA5 VA4 VA3 VA2 VAl 



0,0 I 

: 1 

— r^ — i 

I I I [ 1 

11 

0(00 1 I 

OOP 1 1 

110 

1 1 1 

10 

10 1 



BIT DEFINITION 



CHARACTERS PER HORIZONTAL PERIOD 

-H 1 \ 1 1 h 

CHARACTERS PER DATA ROW 

H ^— 1 1 \ \- 



HORIZONTAL SYNC WIDTH 



VERTICAL SYNC WIDTH 



VERTICAL DELAY 



CURSOR SKEW 
MSB LSB 



J!^ ^_ 

SCAN IlNES/FftAME 



VISIBLE DATA ROWS PER FRAME 



' SCAN LINES PER DATA ROW 



SCAN LINES PER FRAME 



Table 3a: CRT 9007 Screen Format Registers 



ADDRESS DECODE 
VA5 VA4 VA3 VA2 VAl 



BIT DEFINITION 



WRITE 
WRITE 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 



Register Type VA5 



WRITE 

WRITE 
READ 

WRITE 
READ 



I 1 1 ! 

\ \ \ U 

i I 

! 1 ! 1 

I 1 ; 
\ \ ' \ — 

' 1 1 I ' 

— ^ — \ — < — \ — ^ 

: 1 1 ' 1 

■ 1 ! 1 ■ 1 

— \ 1 1 i 

i 1 1 I 1 1 

1.0 : 

1 , I 1 

10 1 

10 1 1 

10 1 



DMA 
DIS- 
ABLE 



DMA BURST DELAY 
MSBA , LSB 



DMA BURST COUNT 
MSB , , LSB 



OPERATION MODES 

TERl 



TABLE START REGISTER (LS BYTE) 

\ 1 \ \ \- 

TABLE STRT REGISTER (MS BYTE) 

-^ ^ \ \ h 

AUXILIARY ADDRESS REGISTER 1 (LS BYTE) 

— ^ 1 \ \ 1 



AUXILIARY ADDRESS REGISTER 1 (MS BYTE) 
MSB , , I , LSB 



SEQUENTIAL BREAK REGISTER 1 

\ \ 1 \ h 

DATA ROW START REGISTER 

1 i \ 1 h 



^flSB DATA ROW END^EQUENTIAL BREAK REGISTER 2 |_SB 



AUXILIARY ADDRESS REGISTER 2 (LS BYTE) 
1 1 1 \ h 



AUXILIARY ADDRESS REGISTER 2 (MS BYTE) 
MSB , , , I I LSB 



Table 3b: Control and Memory Address Registers 



ADDRESS DECODE 
VA4 VA3 VA2 VAl 



BIT DEFINITION 



READ 
READ 






1 


1 ! 
■ 1 1 


1 





1 


0:1:1 








1 





1 


1 


1 





1 


1 











1 


1 


1 














1 


1 








1 


1 


1 


1 








1 





^ 


1 





1 





1 


1 


1 





1 





1 


1 


1 





1 


1 


1 


1 


1 


1 









START COMMAND 



RESET COMMAND 



OFFSET 
OVER- 
FLOW 



OFFSET VALUE 



VERTICAL CURSOR REGISTER (ROW COORD.) 



HORIZONTAL CURSOR REGISTER (COL. COORD.) 



INTERRUPT ENABLE REGISTER 



VER- 
TICAL 

RE- LIGHT 
TRACE PEN 



STATUS REGISTER 



MSB VERTICAL LIGHT PEN REGISTER (ROW COORD.) |_SB 



MSB HORIZONTAL LIGHT PEN REGISTER (COL. COORD.) 



Table 3c: Cursor, Light Pen, Offset, and Status Registers 



REGISTER 

NUMBER 

(HEX) 



REGISTER 

NUMBER 

(HEX) 



R12 
R13 
R14 



REGISTER 

NUMBER 

(HEX) 



R15 
R16 



R18 or R38 
R19orR39 



R3B 
R3C 



^JS^yilB^ «B.jy!l^ '^Q^^ * ^""S Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
CORPORATION ifiSSSSBSSBi^ *"2"^' consequently complete information sufficient for construction purposis is not necessarily qiven The 
vi^ivi wix/-tiiwiM.fl^^^^M|^Bii information has been carefully checked and is believed to be entirely reliable. However no resDonsibMltv is 

assumed for inaccuracies. Furthermore, such information doesnotconvey to the purchaser of the semiconductor 



r35MacusBivci,Haijppaw.Ny.ii7a8 """umea Tormaccuracies. ("Unnermore, such information doBS notconvey to the purchaserof the semlconducl 

' (5161273 3100 Twx-510-227-8898 devices descHbed any license under the patent rights of SMC or others. SMC reserves the riaht to makprhann 

at any time in order to improve design and supply the best product possible " - .- - - ^ 
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STANDARD MICROSYSTEMS 
CORPORATONL 




CRT 9021 A 
CRT 9021 B 

(JLPC FAMILY 



CRT Video Attributes Controiler 

VAC 



FEATURES 

D On chip video shift register 
IVIaximum shift register frequency 
CRT 9021 A 30 MHz 
CRT 9021 B 28.5 MHz 

D On chip attributes logic 
Reverse video 
Character blanl< 
Character blinl< 
Underline 
Full/half intensity 

D Four modes of operation 

Wide graphics 

Thin graphics 

Character mode without underline 

Character mode with underline 
D On Chip logic for double height/double 

width characters 
D Accepts scan line information in parallel 

or serial format 
D Four cursor modes dynamically selectable via 2 
input pins 

Underline 

Blinking underline 

Reverse video 

Blinking reverse video 

n Programmable character blink rate 



PIN CONFIGURATION 



1 


D0 1C 


W 


D28 D1 


MS0 2C 




3 27 D2 


MS1 3C 




3 26 D3 


REVID 4C 




325 D4 


CHABL 5C 
BLINK 6t 




324 D5 
323 D6 




INTIN 7C 
+ 5V 8C 




322 D7 


321 VSYNC 


ATTEN 9C 
INTOUT10C 




320 GND 
319 SL0/SLD 




CURSOR 11 C 




3 18 SL1/SLG 


RETBL12C 




JM SL2/BLC 


LD/SH 13 C 




3 16 SL3/BKC 


VIDEO 14 C 




315 VDC 


PACKAGE 28-pin D.I.P. 



D Programmable cursor blink rate 

□ On chip data and attribute latches 

D + 5 volt operation 

n TTL compatible 

n MOS n-Channel silicon gate COPLAMOS® process 

n Compatible with CRT 5037 VTAC®; CRT 9007 VPAC 

GENERAL DESCRIPTION 



The SMC CRT 9021 Video Attributes Controller 
(VAC) is an n-channel COPLAMOS MOS/LSI device 
containing Graphics logic, attributes logic, data and 
attributes latches, cursor control^ and a high speed 
video shift register. The CRT 9021 , a character gen- 
erator ROM and a CRT controller such as the CRT 
9007 provide all of the major circuitry for the display 
portion of a CRT video terminal. 

The CRT 9021 serial video output may be con- 
nected directly to a CRT monitor's; video input. The 
maximum video shift register frequency of 28.5 MHz 
or 30 MHz allows for CRT displays of up to 132 char- 
acters per data row. 

The CRT 9021 attributes include: revei^se video, 
underline, character blank, character blink, and full/ 
half intensity selection. In addition, when used in con- 
junction with theCRT 9007 VPAC" the CRT 9021 will 
provide double height or double width characters. 

Four programmable cursor modes are provided on 
the CRT 9021. They are: underline, blinking under- 



line, reverse video character block, and blinking 
reverse video character block. When used in the serial 
scan line input mode, the cursor mode may be selected 
via two input pins. When used in the parallel scan line 
input mode, the cursor mode is a mask program option 
and is fixed at the time of manufacture. 

Two graphics modes are provided. In the wide 
graphics mode, the CRT 9021 produces a graphic 
entity the size of the character block. The graphic entity 
contains eight parts, each of which is associated with 
one bit of the input byte, thereby providing 256 unique 
graphic symbols. The thin graphics mode enables the 
user to create thin line drawings and forms. 

In both graphics modes, continuous horizontal and 
vertical lines may be drawn. Additional flexibility is 
provided by allowing the mask programming of the 
placement and dimensions of the blocks or lines within 
a character block. In the thin graphics mode, mask 
programming allows serrated horizontal or vertical 
lines. 
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D7-D0 



CURSOR 



LD/SH 



Ai lEN 

MSO 

MSI 

REVID 

CHABL 

BLINK 

INTIN 






DI7-DI0 



^ 



SINGLE/DOUBLE 

HEIGHTAMDTH 

LOSiC 



VSYNC 



.CLR 
J' 



ATTRIBUTE 

AND 

GRAPHIC 

LOGIC 



^ 



IE 



CrAM 

LINE 
MODE 
DETECT 



BLINK 
RATE 
LOGIC 



RO/SLD 
R1/SLG 
R2/BLC 
R3/DKC 

VSYNC 



8 BIT SHIFT REGISTER 



■*■ VIDEO 
— VDC 



FIGURE 1 : CRT 9021 BLOCK DIAGRAM 



-»- INTOUT 



DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 



1,28,27,26, 

25, 24, 23, 

22 



NAME 



Data 



Mode Select 
Mode Select 1 



SYMBOL 



D7-D0 



FUNCTION 



Reverse Video 



Character blank 



Blink 



Intensity In 



MSO 
MS1 



REVID 



CHABL 



BLINK 



INTIN 



In the character mode, the data on these inputs is passed through the Attributes 
logic into the 8 bit high speed videoshift register. The binary information on D7 
will be the first bit output after the LD/SH input goes low. 
In the thin or wide graphics mode these 8 inputs will individually control the on/off 
condition of the particular portion of the character block or line drawing. Figures 2 
and 3 illustrate the wide and thin graphics modes respectively and their 
relationships to D7-D0 



These 2 inputs define the four modes of operation of the CRT 9021 as follows- 
MS1, MSO = 00; Wide graphics mode 

= 10; Thin graphics mode 

= 01 ; Character mode without underline 

= 11; Character mode with underline 
See section entitled Display Modes for details. 



When this input and Retrace Blank (RETBL) are both low, data from the 
Attributes and Graphics logic is presented directly to the video shift register 
When this input is high and RETBL is low, the Attribute and Graphics logic will 
invert the data before oresentina it to the video shift register 



When this input is high, the parallel inputs to the video shift register are all set low 
(or high depending on the state of REVID) thus providing a constant video level 
for the entire length of the character block. 



When this input is high and both the RETBL and CHABL inputs are low, the char- 
acter will blink at the programmed character blink rate. Blinking is accomplished 
by causing the video to go to the background level during the "off" portion of the 
Character Blink cycle. This video level may be either the white or black level 
depending on state of REVID. The duty cycle for the character blink is 75/25 (on/ 
off). This input is ignored if it coincides with the CURSOR input and the cursor is 
formatted to blink. 



The INTIN input along with the INTOUT output provides a user controlled general 
purpose attribute. Data input to INTIN will appear at INTOUT with the same delay 
as that from any other attribute input to the serial video output (VIDEO). By using 
an external mixing circuit, it is possible to raise or lower the voltage level of the 
video output to produce such attributes as "half intensity" or "intensity" 
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DESCRIPTION OF PIN FUNCTIONS CONT'D 



PIN NO. NAME 



Supply Voltage 



Attribute 
Enable 



10 



11 



12 



13 



14 



15 



16 



SYMBOL 



+ 5V 



ATTEN 



intensity Out 



Cursor 



Retrace Blank 



Load/Shift 



Video 



Video Dot 
Clock 



17 



19 



20 



Scan line 
3/Block Cursor 



iNTOUT 



CURSOR 



RETBL 



LD/SH 



VIDEO 



VDC 



Scan line 
2/Blink Cursor 



Scan Line 
1 /Scan Line 
Gate 



Scan line 
0/Scan Line 
data 



21 



Ground 



Vertical Sync 



SL2/BLC 



FUNCTION 



+ 5 volt power supply 



When this inoyt is high, the internal attribute latch is updated at the positive going 
edge of the LD/SH input with data appearing on the REVID, CHABL, MSI , MS0, 
BLINK and INTIN inputs. By selectively bringing this input high, the user will 
update the attribute only at specific character times; all subsequent characters 
will carry with them the attributes last updated thus allowing "field" or "embed- 
ded" attributes. When using a wide video memory where attribute bits are 
attached to every character, the internal attribute latch may be updated at each 
character by tieing this input high (thus allowing for "invisible" attributes). 



This output Is used in conjunction wiih the INTIN input to provide a three charac- 
ter pipeline delay to allow for general purpose attributes (such as intensity) to be 
implemented. See INTIN (pin 7). 



When this input is high and RETBL is low, the programmed cursor format will be 
displayed. When this input is high, and RETBL is high, the CRT 9021 enters the 
double width mode. See section entitled cursor formats for details. 



When this input is high, the parallel inputs to the vid.eo shift register are uncondi- 
tionally cleared to all zeros and loaded on the next LD/SH pulse. This forces the 
VIDEO output to a low voltage level, independent of all attributes, for blanking the 
CRT during horizontal and vertical retrace time. 



The 8 bit video shift register parallel-in load or serial-out shift operation is estab- 
lished by the state of this input. When high, this input enables the shift register for 
sehal shifting with each video dot clock pulse (VDC input). When low, the video 
shift register is parallel loaded on the next video dot clock pulse and all data and 
attributes are moved to the next position in the internal pipeline. In addition, input 
data and attributes are latched on the positive transition of LD/SH. 



The Video output provides the serial dot stream to the CRT. Video.is shifted out 
on the rising edge of the video dot clock VDC. The timing of the LD/SH input will 
determine the number of backfill dots. See figure 5. 



This input clock controls the rate at which video is shifted out on the 
VIDEO output. 



SL3/BKC I This input has two separate functions depending on the way scan line informa- 
I tion is presented to the CRT 9021 . 
Parallel scan line mode— This input is the most significant bit of the binary scan 
line row address. 

Serial scan line mode— This input controls the cursor's physical dimensions. If 
high the cursor will appear as a reverse video block (the entire character cell will 
be displayed in reverse video). If low, the cursor will appear as an underline on 
the scan line(s) programmed. 



SL1/SLG 



SLO/SLD 



GND 



VSYNC 



This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021 . 

Parallel scan line mode— This input is the second most significant bit of the 
binary scan line row address. 

Serial scan line mode— This input if low, will cause the cursor to alternate 
between normal and reverse video at the programmed cursor blink rate. The duty 
cycle for the cursor blink is 50/50 (on/off). If this input is high, the cursor will be 
non-blinking. 



This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021 . 
Parallel scan line mode— This input is the next to the least significant bit of the 

binary scan line row address. 

Serial scan line mode— This input will be low for 5 or 6 LD/SH pulses to allow the 
scan line information to be serially shifted into the serial scan line shift register. If 
this signal is low for 7 or more LD/SH pulses, the CRT 9021 will assume the par- 
allel input scan line row address mode. 



This input has two separate functions depending on the way scan line informa- 
tion is presented to the CRT 9021 . Refer to figure 6. 

Parallel scan line mode— This input is the least significant bit of the binary scan 
line row address. 

Serial scan line mode— This input will present the scan line information in serial 
form (least significant bit first) to the CRT 9021 and permits the proper scan line 
informatio n to e nter the serial scan line shift register during the LD/SH pulses 
framed by SLG (pin 18). . 



Ground 



This input is typically connected to the vertical sync output of the CRT controller 
and is used as the clock input for the two on-chip mask programmable blink rate 
dividers. The cursor blink rate (50/50 duty cycle) will always be twice the charac- 
ter blank rate (75/25 duty cyc le). In addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan line mode 
(parallel or serial) used. See the section "Scan Line Input Modes". . 
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ATTRIBUTES FUNCTION 



Retrace Blank —The RETBL input causes the VIDEO 
to go to the zero (black) level regard- 
less of the state of all other inputs. 

Reverse Video —The REVID input causes inverted data 
to be loaded into the video shift 
register. 

Character Blank —The CHABL input forces the video to 
go to the current background level as 
defined by Reverse Video. 

Underline — MS1 , MS0 = 1,1 forces the video to 

go to the inverse of the background 
level for the scan line(s) pro- 
grammed for underline. 

Blink —The BLINK input will cause charac- 

ters to blink by forcing the video to the 
background level 25% of the time and 
allowing the normal video for 75% of 
the time. When the cursor is pro- 



grammed to blink (not controlled by 
the BLINK input), the video alter- 
nates from normal to reverse video at 
50% duty cycle. The cursor blink rate 

alwavR nvArriHps thp nhararior hjinlr 

rate when they both appear at the 
same character position. 
Intensity —The INTiN input and the INTOUT 

(Half Intensity) output allow an intensity (or half 

intensity) attribute to be carried 
through the pipeline of the CRT 9021 . 
An external mixer can be used to 
combine VIDEO and INTOUT to cre- 
ate the desired video level. See fig- 
ure 8. 
Table 1 illustrates the effect of the REVID, CHABL, UNDLN 
attributes as a function of the cursor format and the CUR- 
SOR and RETBL inputs. 





TABLE 1 : CRT 9021 ATTRIBUTE COMBINATIONS 




CURSOR 
FORMAT 


CRT 9021 INPUTS 


VIDEO SHIFT REGISTER 
LOADED WITH: 


RETBL 


CURSOR 


REVID 


CHABL 


UNDLN 


X 


1 


X 


^ X 


X 


X 


all zero's 





i ° 








1 


data 





1 ' 


i 1 


One's for selected scan line(s) ; Data for all 
other scan lines. 





! 1 


X 


All zero's 





oil 








data 





1 1 





1 


Zero's for selected scan line(s); data for all 
other scan lines. 








1 


1 


X 


One's for all scan lines. 


UNDERLINE' 













X' 


One's for selected scan line(s) for cursor; 
data for all other scan lines. 










1 


X' 


One's for selected scan line(s) for cursor; 
zero's for all other scan lines. 







1 





X' 


Zero's for selected scan line(s) for cursor; 
Data for all other scan lines. 







1 


1 


X' 


Zero's for selected scan line(s) for cursor; 
one's for all other scan lines. 


BLINKING' 
UNDERLINE' 













X' 


One's for selected scan line(s) blinking; 
Data for all other scan lines. 


1 


1 1 

1 \ 


X' 


One's for selected scan line(s) blinking; 
zero's for all other scan lines. 


: 1 1 1 


X' 


Zerp's for selected scan line(s) blinking; 
Data for all other scan lines. 





1 , 1 


' 


X^ 


Zero's for selected scan line(s) blinking; 
one's for all other scan lines. 


REVID BLOCK 





1 











Data for all scan lines. 





1 








1 


Zero's for s.e!e5ted scan line(s) for 
underline; data for all other scan lines. 





1 





1 


X 


One's for all scan lines. 





1 


1 








Data for all scan lines 





1 


1 





1 


One's for selected scan line(s) for 
underline; data for all other scan lines. 





1 


1 


1 


X 


Zsro's for 2!! scsn lin*** 


BLINKING' 
REVID BLOCK 





1 











On 

Data for all scan lines. 


Off 

Data for all scan lines. 





1 








1 


Zero's for selected 
scan line(s) for 
underline; Data for 
all other scan lines. 


One's for selected 
scan line(s) for 
underline; Data for 
all other scan lines. 





1 


; 1 


X 


One's for all scan lines. 


Zero's for all scan lines. 





1 


1 





Data for all scan lines. 


Data for all scan lines. 





1 


1 1 


' 1 


One's for selected 
scan line(s); Data 
for all other scan lines. 


Zero's for selected 
scan line(s); Data 
for all other scan lines. 







1 


1 


1 X 


Zero's for all scan lines^ 


One's for all scan lines. 



2 - at programmed scan line(s) for underline 

3 - at cursor blink rate 

Note — cursor blink rate overrides character blink rate. 
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MS1,MS0 = 01 



DISPLAY MODES 

Inputs MSI and MS0 select one of four display modes. All 
attributes except underline operate independent of the 
display mode used. Figures 8a and 8b illustrate a typical 
CRT 9021 configuration which operates in all display modes 
for both the parallel and serial scan line modes respectively. 
MS1 , MSO = 00 —Wide Graphics Mode. 

In this display mode, inputs D7-D0 
define a graphics entity as illustrated 
in figure 2. Note that individual bits in 
D7-D0 will illuminate particular 
portions of the character block. Table 
2 shows all programming ranges 
possible when defining the wide 
graphic boundaries. No underline is 
possible in this display mode. 
MSI, MSO = 10 — Thin Graphics Mode. 

In this display mode, inputs D7-D0 MS1,MS0 = 11 
define a graphic entity as illustrated 
in figure 3. Note that individual bits in 
D7-D0 will illuminate particular hori- 
zontal or vertical line segments within 



the character block. Table 3 shows 
all programming ranges possible 
when defining the thin graphics 
boundaries. No underline is possi- 
ble in this display mode. 

-Character Mode Without Underline. 
In this display mode, inputs D7-D0 go 
directly from the input latch to the 
video shift register via the Attributes 
and Graphics logic. This mode 
requires either a bit mapped system 
RAM (1 bit in RAM equals 1 pixal on 
the CRT) or an external character 
generator as shown in figures 8a and 
8b. 

-Character Mode With Underline. 
Same operation as MSI, MSO = 01 
with the underline attribute appear- 
ing on the scan line(s) mask pro- 
grammed. 



SL3-SL0 ROW# C7 C6 C5 C4 C3 C2 CI CO BF BF o o o 



0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 

1111 



RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RIO 

R11 

R12 

R13 

R14 

R15 



D7 


D3 


D6 


D2 


D5 


D1 


D4 


DO 



1 



1 



H3 



H2 

1 

I 
HI 



HO 



D7 



D6 



D5 



D4 



D3 



D2 



D1 



221 DATA INPUT ON D7-D0 



-W1- 



-wo- 



H3, H2, HI, HO, W1 , WO are mask programmable 



FIGURE 2: WIDE GRAPHICS MODE FOR STANDARD CRT 9021 



SL:3-SL0 ROW# C7 C6 C5 C4 C3 C2 CI CO BF BF 



0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 

1111 



RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RIO 

R11 

R12 

R13 

R14 

R15 





D4 






1 


D7 




DO 




D6 1 




D2 




D3 


1 






D1 








D5 
















1 



DO 
D1 
D6 
D7 



D2 
D3 
D4 
D5 



VERTICAL HEIGHT 


HORIZONTAL POSITION 


R0-R5 


PROGRAMMABLE 


R6-R15 


PROGRAMMABLE 


R0-R15* 


PROGRAMMABLE 


R0-R15* 


PROGRAMMABLE 



HORIZONTAL LENGTH VERTICAL POSITION 



C7-C3 


PROGRAMMABLE 


C3-BF 


PROGRAMMABLE 


C7-BF' 


PROGRAMMABLE 


C7-BF* 


PROGRAMMABLE 



D7 



D6 



D5 



D4 



D3 



D2 



D1 



DO 



DATA INPUT ON D7-D0 



* These values are fixed 
FIGURE 3: THIN GRAPHICS MODE FOR STANDARD CRT 9021 
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BACKFILL 

Backfill is a mechanism that allows a character width of Method B 
greater than 8 dots and provides dot information (usually 
blanks) for all dot positions beyond 8. The character width 
is defined by the period of the LD/SH input. For the character 
modes, backfill is added to the tail end of the character by 

t\*/ri rnothnrle 

Method A 



— The backfill (BF) dots will be the same 
as the dot displayed in position CO. 



i/hir^h orQ moel^ r\rr\nr 



._. . „, _ . , .„„,, ^. „jj, „, ,,, ,,.^„:„. , „, », ,^ .ii^v, yi li^i u^o iiiuuv^, II lo uaoiMiM uuis Will SI Way S UC 

— The backfill (BF) dots will be the same the same as the dot displayed in position CO (method B) 
as the dot displayed in position C7. with no programmable option. 



CURSOR FORMATS 



Four cursor formats are possible with the CRT 9021 . If the 
parallel scan line input mode is used, one of four cursor for- 
mats may be selected as a mask programmed option. If the 
serial scan line input mode is used, the cursor format is 
selected via input pins 16 and 17 (SL3/BKC, SL2/BLC). See 
Table 5. The four cursor modes are as follows: 



Blinking Reverse 
Video Block 



Underline 



Blir>king Underline 



Reverse Video 
Block 



- The cursor will appear as an 
underline. The position and width 
of the cursor underline is mask 
programmed. 

■The cursor will appear as an 
underline. The underline will alter- 
nate between normal and reverse 
video at the mask programmed 
cursor blink rate. 

The cursor will appear as a reverse 
video block (The entire character 



cell will be displayed in reverse 
video). 
— The cursor will appear as a reverse 
video block and the entire block 
(character plus background) will 
alternate between normal and 
reverse video at the masked pro- 
grammed cursor blink rate. 



Scan Line 
Input Mode 


Pin 17 


Pin 16 


Cursor Function 


Serial 


1 
1 





1 


1 


Underline 

Reverse Video Block 

Blinking Underline 

Blinking Reverse 

Video Block 


Parallel 


X 


X 


Mask programmable 
Only 



TABLE 5: CURSOR FORMATS 



DOUBLE WIDTH MODE 



In order to display double width characters, video must be 
shifted out at half frequency and the video shift register must 
receive new information (parallel load) every other LD/SH 
inputpulse. In order to divide the video dot clock (VDC) and 
the LD/SH pulse internally at the proper time, the cursor input 
should be pulsed during RETBL prior to the scan line to be 
displayed as double width. The CURSOR input must remain 
low for a minimum of 1 LD/SH period from the leading edge 
of RETBL. The CURSOR input can stay high for the entire 
RETBL time but should not extend into active video. If it does, 
a cursor will be displayed. It is assumed that the CRT con- 



troller knows when a particular scan line should be double 
width and it should activate the CURSOR in the manner just 
described. Double height/double width characters can also 
be displayed if the scan line count is incremented by the 
CRT controller every other scan line. With respect to the 
CRT 9021 , no distinction between double width and double 
height display is necessary. Figure 4 illustrated timing for 
both single and double width modes. The CRT 9007, which 
supports double height double width characters, will pro- 
duce the CURSOR signal as required by the CRT 9021 with 
no additional hardware. 



SCAN LINE INPUT MODES 



Scan line information can be introduced into the CRT 9021 
in parallel format or serial format. Table 6 illustrates the pin 
definition as a function of the scan line input mode. The CRT 
9021 will automatically recognize the proper scan line mode 
by observing the activity on pin 18. in parallel mode, this 
input will be stable for at least 1 scan line and in serial mode 
this input will remain low for about 5 or 6 LD/SH periods. If 
pin 18 goes active low for less than seven but more than 
two continuous LD/SH p eriods du ring the last scan line that 
has an active low on the VSYNC input, the serial mode will 
be locked in for the next field. The parallel scan line input 



mode will be selected f or the ne xt field if the following two 
conditions occur during VSYNC low time. First, at least one 
positive transition must occur on pin 18 and second, pin 18 
must be low for seven or more LD/SH periods. Refer to fig- 
ure 7 for timing details. 



Scan Line 
Input Mode 


CRT 9021 Pin Number 


19 18 17 16 


Serial 


SLD SLG BLC BKC 


Parallel 


SLO SL1 SL2 SL3 



TABLE 6: PIN DEFINITION FOR PARALLEL AND SERIAL SCAN LINE MODES 



PROGRAM OPTIONS 

The CRT 9021 has a variety of mask programmed options, trates the range of the miscellaneous mask programmed 
Tables 2 and 3 illustrate the range of these options for the options. In addition. Tables 2, 3 and 4 show the mask pro- 
wide and thin graphics modes respectively. Table 4 illus- grammed options for the standard CRT 9021 



344 



GO 



LD/SH 



RETBL 



D7-D0 



iri~irT~T~l~l~~rT~rT~T" 

I I ! I 1 i • • 1 ' ' 

/ ' s ' \ ! • ! ! ! 



.WIDTH 



''NORMALX 

D7-D0 
/DOUBLE\ 
\WIDTH ) 

DI7-DI0 
/NORMALN 
V WIDTH / 

DI7-DI0 
/DOUBLE\ 
VWIDTH / 

VIDEO 
NORMA 
. WIDTH 



CHAR 



DC 



ypHAR 0)(cHArTXcHAR 2) C cHAR sXcHAR 4XcHAR 5) f~ 
I I I • I I I 



CHAR N/2 



I ^1 I I • I I I ' 

;V X X 1< ) (Ht^;^ J<XJ(CHAR1)^^ 

1^ i i f I I I ' I I 

CHAR(N-1)yS^^X^^ 'x X ' X ^HARJ(cHAR2)(cHAR2Xch^^ 

y T \ i ! : i I i i^n 



CHAR N/2 



X 



/normaln 

V WIDTH / 



VIDEO 

DOUBLEX VIDEO (N/2-1) 



(width 
attribute in 

(^ 



j j j , i 

VIDEO (N-2))P('g.^y )(viDEO f\ BLANKING 

' I ' I ' « 

! ! 

))( VIDEO N/2 \ 



X 



CHARO 
j 



X 



CHAR1 
i 



CHAR 2 



BLANKING 



!/viDEO 0) (vr DEO iXviDEO 2) (viDEO j(^ 

I 11 ! ! 

X: 



I 



VIDEO 



X 



VIDEO 1 



NORMAL\ 
WIDTH / 



ATTRIBUTE OUT' 
/NORMAL\ 
V WIDTH / 

ATTRIBUTE IN' 
/DOUBLE\ 
VWIDTH / 
ATTRIBUTE OUT' 
/■DOUBLEX 
VWIDTH 7 



— ; i i < j • j 

"~y_A]T0yATT1 ) ( ATT2 ")( ATT3 )( ATT4 X ATT5 X aTT6 ) (" 

! ! ; ! ; ! i 

INT(N^2)J^N^^ INTN ) ( X X / "^"^^^^^X _ATT^j(^2J(_^^ 

I ' I ' ' ' ' 

X X X y "aTTO y ATT1 X" 



1 -Attributes include MSO , MSI, BLINK, CHABL, INTENSITY, REVID 



FIGURE 4: CRT 9021 FUNCTIONAL I/O TIMING 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range _ 55°c to + 1 50°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground 15V 

Negative Voltage on any Pin, with respect to ground - 3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. in addition, voltage transients on the AC power line may appear on the DC output. If this possibility exists it is 
suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (T^, = 0°C to 70°C, Vc 



• 5V± 5%, unless otherwise noted) 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


DC CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low Level V^^ 
High Level V,H, 
High Level V.h^ 


2.0 
4.3 




0.8 


V 
V 
V 


All inputs except VDC, LD/SH 
For VDC, LD/SH input 


OUTPUT VOLTAGE LEVELS 
Low Level Vql 
High Level Vqh 


2.4 




0.4 


V 
V 


loL = 0.4 mA 
loH = 100(jiA 


INPUT LEAKAGE CURRENT 
Leakage II, 
Leakage 1^2 






10 
50 


^A 
^.A 


0«V,N<Vcc; excludingVDC. LD/SH 
0«V^sVcc; for VDC LD/SH 


INPUT CAPACITANCE 

ClM2 

C|N3 




10 
20 
25 




pf 
pf 
pf 


Excluding VDC, LD/SH 
For LD/SH 
For VDC 


POWER SUPPLY CURRENT 

Ice 




50 




mA 





AC CHARACTERISTICS 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


L COMMENTS 


VDC' 
1/tcv, VDC frequency 

IcklVDCIow 
tcKH VDC high 
tcKR VDC rise time 
tcKF VDC fall time 


1.0 
1.0 
10 
10 
10 




30.0 
28.5 

10 
10 


MHZ 
MHZ 

ns 
ns 
ns 


CRT 9021A; see note 1 
CRT 9021 B 

Measured from 10% to 90% points 
Measured from 90% to 10% points 


LD/SH 

tcY2 

ts, 


290 
315 

7 







ns 
ns 
ns 
ns 


CRT 9021A; see note 1 
CRT 9021 B 


INPUT SETUP AND HOLD 

ts. 

tH2 


35 







ns 
ns 




MISCELLANEOUS TIMING 

tow 


tcY2 




35 


ns 


C, = 15 pf 



1 -These parameters are Preliminary. 
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-tcY,- 



tcKR — > < — **r* — ^^^ ^ 



ALL INPUTS. 
(EXCEPT VDC,LD/SH) 



VIDEO OR 
INTOUT 



CURSOR 
(FOR DOUBLE WIDTH) 



\ 



■'"T 



): 



X 



X 



/ 



J 



FIGURE 5: CRT 9021 INPUT/OUTPUT TIMING 



LD/SH 
SLG 



ni 



innnnnnnnj" 



' NOT USED BY CRT 9021 

FIGURE 6: SERIAL SCAN LINE MODE TIMING 



\ 



LD/SH 
VSYNC 

SL1/SLG 



innnnrrTYTTinrWTmnnr'innnp: 

<v ' ^ — iv-i i— »H 



'\ 



/ / / / 



-il IV- 



I 



v 



STABLE 3= 7 LD'SH 
II 



y 



I 



SET SERIAL 
SCAN LINE MODE 



SET PARALLEL 
SCAN LINE MODE 



FIGURE 7: SERIAL/PARALLEL SCAN LINE MODE SELECTION TIMING 



347 



TABLE 2 
WIDE GRAPHICS MASK PROGRAMMING OPTIONS 



OPTION 


CHOICES 


STANDARD CRT 9021 


Height of graphic block* 
D7 and D3 
D6 and D2 
05 and D1 
D4 and DO 


any scan line(s) 
any scan line(s) 
any scan line{s) 
any scan llne(s) 


RO, R1,R2 
R3, R4, R5 
R6, R7 R8 
R9, RIO, R11,R12, R13, R14, R15 


Width of D7 D6. D5, D4** 
WidthofD3, D2, D1,D0** 


any number of dots to 8 
any number of dots to 8 


C7 C6, C5, C4 
C3,C2,C1,C0, BF 



' Any graphic block pair can be removed by programming for zero scan lines. 

' Total number of dots for both must be equal to the total dots per character with no overlap. 



TABLE 3 
THIN GRAPHICS MASK PROGRAMMING OPTIONS 



OPTION 


CHOICES 


STANDARD CRT 9021 


Backfill 


C1 or CO 


CO 


Horizontal position for 


D2 and D3 

D4 

D5 


any scan line(s) R0-R15 
any scan line(s) R0-R15 
any scan line(s) R0-R15 


R5 
RO 
R11 


Horizontal length for 






D2= 
D3= 


any continuous dots C7-C0, BF 
all dots not covered by D2 


C7-C3 
C3-BF 


Blanked dots for serrated horizontal lines 


D2 
D3 
D4 and D5 


any dot(s) C7-C0, BF 
any dot(s) C7-C0, BF 
any dot(s) C7-C0, BF 


none 
none 
none 


Vertical position for 


DO and D1 

D6' 

D7' 


any dot(s) C7-C0, BF 
any dot(s) C6-C0, BF 
any dot(s) C7-C0 


C3 
BF 
C7 


Vertical length for 


DO 
D1 
D6 
D7 


any scan line(s) 

all scan lines not used by DO 

no choice; always R0-R15 

no choice; always R0-R15 


RO to R5 
R6toR15 
R0toR15 
ROtoRIS 


1 ■D7 must always come before D6 with no overlap; otherwise D6 is lost. 
2-D2 and D3 must always overlap by one and only one dot. 







TABLE 4 
MISCELLANEOUS MASK PROGRAMMING OPTIONS 



OPTION CHOICES 


STANDARD CRT 9021 


Backfill in character mode 


C7 or CO 


C7 


Character blink rate 
(division of V3YNC frequency) 


8 to 60; divisible by 4 
(7.5 Hz to 1 Hz)' 


32 
(1.875 Hz)' 


n. ,roor hiinb rot<=.2 TwicB the charactBr 
Cursor b nk rate^ 1 ui- , ^ 

blink rate 


16 
(3.75 Hz)' 


character underline position 


anyscanline(s)R0-R15 


R11 


cursor underline^ 


any scan line(s)R0-R15 


not applicable 


cursor format* 


underline 

Blinking underline 

Reverse video block 

Blinking reverse video block 


Blinking reverse video block 



1 - Assumes VSYNC input frequency of 60 Hz 

2 - Valid only if the cursor is formatted to blink. 

3 - Valid only if the cursor is formatted for underline 

4 - Valid for the parallel scan line mode only. 
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CaJ 
CD 



SYSTEM RAM 
OR 

SINGLE ROW 
BUFFER 

OR 

DOUBLE ROW 
BUFFER 



C> 



J) 



THREE 
STATE 
DRIVER 

OE 



^ 



l^ 



OE 



CHARACTER 
ROM 



iz 



SL3-SL0 



FROM 
CONTROLLER 



VSYNC 
RETBL • 
CURSOR' 



CLOCK 
GENERATOR 



> 



^ 



-K3 



D7-D0 



CRT 9021 
VAC 



SL3-SL0 

VSYNC 

RETBL 

CURSOR 

MSO 

MSI 

BLINK 

CHABL 

INTIN 

REVID 

ATTEN 

LD/SH 
VDC 



VIDEO 
INTOUT 



VIDEO 

TO MONITOR 



FIGURE 8a: CRT 9021 SYSTEM CONFIGURATION IN PARALLEL 
SCAN LINE MODE 
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O 



SYSTEM RAM 

OR 

SINGLE ROW 
BUFFER 

OR 

DOUBLE ROW 
BUFFER 
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^ 



THREE 
STATE 
DRIVER 

OE 



^ 



fFoE 



SLG 

SLD 

VSYNC — 
RETBL — 
CURSOR 







OE 



CHARACTER 
ROM 



Iz 



CLOCK 
GENERATOR 



^ 



-K3 



D7-D0 



CRT 9021 
VAC 




VIDEO 
INTOUT 



•" VDC 



BKC BLC 



PROGRAMMED 

FOR CURSOR 

FORMAT 



VIDEO 

TO MONITOR 



FIGURE 8b: CRT 9021 SYSTEM CONFIGURATION IN 
SERIAL SCAN LINE MODE 



STANDARD MICROSYSTEMS 
CORPORATION^ 



CRT 9028 
CRT 9128 

PRELIMINARY 



VTLC 
Video Terminal Logic Controller 



FEATURES 

D Built-in High Frequency (4-14 MHz) Oscillator 

D Built-in Video Shift Register 

D Built-in Character Generator 

D Bi-Directional Smooth Scroll Capability 

D Visual Attributes Include Reverse Video, Intensity 

Control, Underline and Character Blank 
D Separate HSYNC, VSYNC and VIDEO Outputs 
n Composite Sync (RS170 Compatible) Output 
D Absolute (RAM address) Cursor Addressing 
D MASK Programmable Video Parameters: 

Dots Per Character Block (6-8) 

Raster Scans Per Data Row (8-1 2) 

Characters Per Data Row (32,64,80) 

Data Rows Per Page (8,10,12,16,20,24 or 25) 

Horizontal Blanking (8- 64 Characters) 

Horizontal Sync Front Porch (0-7 Characters) 

Horizontal Sync Duration (1-64 Characters) 

Horizontal Sync Polarity 

Two Values of Vertical Blanking 

Two Values of Vertical Sync Front Porch (0-63 Scan 

Lines) 

Two Values of Vertical Sync Duration (1 -1 6 Scan 

Lines) 

Vertical Sync Polarity 

Internal 128 Character 5x8 Dot Font 

Character/Cursor Underline Position 

Scan Row and Column for Thin Graphics Entity 

Segments 

Scan Rows and Columns for Wide Graphics Entity 

Elements 
D Software Enabled Non-Scrolling 25th Data Row Avail- 
able with 25 Data Row/Page Display 
D Non-lnterlace Display Format 
D Separate Display Memory Bus Eliminates Contention 



PIN CONFIGURATION 



DA8 C 
DA9 
DA10 
GND 
XTAL2 C 
XTAL1 
VIDEO 
IN TOUT C 
DWR C 
DDO C 
DD1 
DD2 C 
DD3 C 
DD4 C 
DD5 C 
DD6 C 
DD7 C 
HSYNC C 
VSYNC C 



CSYN [ 20 



n 



] DA7 
] DA6 
DAS 
DA4 
DAS 
DA2 
DA1 
DAO 
DB7 
DB6 
DBS 
DB4 
DB3 
DB2 
DB1 
DBO 
] A/D 



] vcc 



CRT 9028 


CRT 9128 


Pin 23 RD 
Pin 22 WR 


Pin 23 DS 
Pin 22 R/W 



Problems 
D Fill (Erase) Screen Capability 
D Standard 8-bit Data Bus Microprocessor Interface 
n Wide Graphics with Six Independently Addressable 

Segments Per Character Space 
D Thin Graphics with Four Independently Addressable 

Segments Per Character Space 
D Single +5V Supply 

D COPLAMOS® n-Channel Silicon Gate Technology 
D TTL Compatible 



GENERAL DESCRIPTION 



The CRT 9028 VTLC and CRT 9128 VTLC are mask pro- 
grammable 40 pin COPLAMOS® n-channel MOS/LSI Video 
Display Controller Chips that combine video timing, video 
attributes, alphanumeric and graphics generation, smooth 
scroll and screen buffer interface functions. 

The VTLC incorporates many of the features (previously 
requiring a number of external components) required in 
building a low cost yet versatile display interface. An inter- 
nal mask programmable 128 character font provides for a 
full ASCII character set. Wide graphics allow plotting and 
graphing capabilities while thin graphics and visual attri- 
butes can make the display of forms straight-forward. 

Two pinout configurations enhance the versatility of the 
VTLC. The CRT 9028 controls data flow over the processor 
system data bus through separate read (RD) and write (WR) 
strobes for use with the 8085, 8051 , Z80®, 8086, and 

'Z80 is a registered trademark of Zilog Corporation. ncj 

Z8 is a trademarl< of Zilog Corporation. 



Similar microprocessors or microcomputers. The CRT 9128 
regulates_the data flow with a data strobe (DS) and read/ 
write (R/W) enable signals for use with the 6500, Z8™, 68000 
and similar microprocessors or microcomputers. 

The VTLC provides two independent data buses; one bus 
that interfaces to the processor and one that interfaces to 
the display memory. Data is transferred to the display mem- 
ory from the processor through the VTLC eliminating con- 
tention problems and the need for a separate row buffer. 

The VTLC has an internal crystal oscillator requiring only 
an external crystal to operate. Masked constants for critical 
video timing simplify programming, operation and improve 
reliability. A separate non-scrolling status line (enabled or 
disabled by the processor) is available for displaying sys- 
tem status. 




STATUS REGISTER 



ADDRESS REGISTER 
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FILL ADDRESS ~^ 
TOP OF SCREEN |- 



ll 



CHARACTER 
CLOCK 
DIVIDER 
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zr 
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FIGURE 1. VTLC FUNCTIONAL BLOCK DIAGRAM 



DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


I/O 


NAME 


DESCRIPTION 


3-1,40-33 


DAI 0-0 





Display 
Address 


1 1 bit address bus to display memory 


4 


GjSlb 




Ground 


Ground Connection 


5,6 


XTAL2,1 


1 


Crystal 2,1 


External Crystal 

An external TIL level clock may be used to drive XTAL1 (in 

which case XTAL2 is left floating). 


7 


VIDEO 





Video Output 


This output is a digital TTL waveform used to develop the 
VIDEO and composite VIDEO signals to the monitor. The 
polarity of this signal is: HIGH = BLACK 
LOW = WHITE 


8 


INTOUT 





Intensity 
Output 


This pin is the intensity level modification attribute bit (synchro- 
nized with the video data output). 


9 


DWR 





Display 
Write 


Write strobe to display memory 


17-10 


DD7-0 


I/O 


Display 
Data 


8-bit bidirectional data bus to display memory 


18 


HSYNC 





Horizontal 
Sync 


Horizontal sync signal to monitor 


19 


VSYNC 





Vertical 
Sync 


Vertical sync signal to monitor 


20 


CSYNC 





Composite 
Sync 


This output is used to generate an RSI 70 compatible compos- 
ite VIDEO signal for output to a composite VIDEO monitor. 


21 


Vcc 




Power 


5.0 V power connection 


CRT 9028 1 


22 


WR 


1 


Write Strobe 


Causes data on the microprocessor data bus to be strobed into 
the VTLC 


23 


RD 


! 


Read Strobe 


Causes data from the VTLC to bs strobed onto the micropro- 
cessor data bus 


CRT 91 28 i 


22 


R/W 


1 


Read/Write 
Select 


Determines whether the processor is reading data from or writ- 
ing data into the VTLC (high for read, low for write) 


23 


DS 


1 


Data Strobe 


Causes data to be strobed into or out of the VTLC from the 
microprocessor data bus depending on the state of the R/W 
signal 


24 


A/D 


1 


Register 
Select 


The state of this input pin will determine whether the data is 
being read from, or written to, the address or status register, or 
a data register. 


32-25 


DB7-0 


I/O 


Processor 
Data Bus 


8-bit bi-directional processor data bus 
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DESCRIPTION OF OPERATION* 



THE VTLC INTERNAL REGISTERS 
CRT 9028 

Addressing of the internal VTLC data registers of the 
CRT 9028 is accomplished through the use of the A/D 
select input qualified by the RD and WR strobes. 

A/D RD WR REGISTER OPERATION 

1 WRITE TO DATA REGISTER 

1 READ DATA REGISTER 

1 1 WRITE TO ADDRESS REGISTER 
1 1 READ STATUS REGISTER 

CRT 9128 

Addressing of the internal VTLC data registers of the CRT 
9128 is accomplished through use of the A/D and R/W select 
inputs qualified by the DS strobe. 

A/D PS R/W REGISTER OPERATION 

WRITE TO DATA REGISTER 

1 READ DATA REGISTER 

1 WRITE TO ADDRESS REGISTER 
1 1 READ STATUS REGISTER 

The contents of the seven processor programmable reg- 
isters located in the upper left hand side of the Functional 
Block Diagram of figure 1 indicate the memory locations 
from which screen data is to be fetched and displayed as 
well as the selected modes of display operation. These reg- 
isters are addressed indirectly via the Address Register 

To access one of the seven eight-bit registers, the pro- 
cessor must first load the Address Register with the three- 
bit address of the selected data register The next read or 
write to a data register will then cause the data register 
pointed to by the Address Register to be accessed. The Line 
A/D controls whether writing is occurring to the Address 
Register orjp a data register. When a read operation is per- 
formed, A/D controls access to either the Status Register 
or to the data register selected by the Address Register. 
REGISTER DESCRIPTION 
ADDRESS REGISTER 

Writing a byte to the ADDRESS register will select the 
specified register the next time the processor writes to or 
reads the VTLC data registers. The data register addresses 
are as follows: 

STATUS REGISTER 

When reading the STATUS register, the DONE bit (DB7 
of STATUS Register) will represent the current status of the 



CHARACTER register. This bit is used to synchronize data 
transfers between the processor and the VTLC. The VTLC 
will set the DONE bit to a logic one after completing a byte 
transfer command or a FILL operation. The DONE bit is set 
to a logic zero by reading from, or writing to, the CHAR- 
ACTER register The processor must wait until the DONE 
bit is 1 before attempting to change the CURSOR 
ADDRESS, in order to write a character to, or read a char- 
acter from, the CHARACTER register 

STATUSfiE<5tSTER 

DB7 DB6 DBS DB4 DBS DB2 DB1 DBO 



DONE 



X X 



X 



DONE = 1 signifies that external processor is allowed to 
access cursor ADDRESS and/or 
CHARACTER registers. 

DONE = signifies that external processor must wait 
until VTLC completes transfer of data 
between display memory and CHARACTER 
register. 

DATA REGISTERS 

FILADD (Fill Address) This register contains the RAM 
address of the character following the last 
address to be filled. Writing to this register will 
enable the VTLC "fill" circuitry The FILL oper- 
ation will then be triggered by the next processor 
write to the CHARACTER register. The FILL 
operation will write the character in the CHAR- 
ACTER register to every location in display 
memory starting with the address specified in 
the CURLO and CURHI registers through the 
location preceeding the address specified in the 
FILADD register. The cursor position is not 
changed after a FILL operation. Note that the 
address bits DA3-DA0 are internally forced to 
forcing the FILADD address to be 00, 16, 32, etc. 
to 1920. The CURLO and CURHI registers will 
not be changed by this operation. Writing to the 
CHARACTER register will cause the VTLC to 
reset DB7 of the STATUS register to "0". Bit 7 
will be set to 1 after the VTLC has filled the last 
memory location specified. 







FILADD REGISTER 




DB7 


DB6 


DBS DB4 DBS DB2 DB1 


DBO 


X 


DA10 DA9 DAS DA7 DA6 DAS DA4 



ADDRESS 


TYPE 


REGISTER 


DB7 DB6 DBS DB4 DBS DB2 DB1 DBO 






X X X X 1 1 
X X X X 1 
X X X X 1 1 
X X X X 1 1 
X X X X 1 1 1 
X X X X 1 1 
X X X X 1 1 1 
X X X X 1 1 1 


Write 
Write 
Write 
Write 
Write 
Write 
RD/WR 
Write 


CHIP RESET 

TOSADD 

CURLO 

CURHI 

FILADD 

ATTDAT 

CHARACTER 

MODE REGISTER 



(X = don't care) 
•NOTE: Chip Reset is required before starting operation. 
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TOSADD (Top of Screen Address) This register contains 
the RAM address of the first character displayed 
at the top of the video monitor screen. In addi- 
tion, this register controls selection of either of 
two mask programmable vertical scan rates. 

TOSADD REGISTER 

DB7 DB6 DBS DB4 DBS DB2 DB1 DBO 
TIM DA10 DA9 DAS DA7 DAS DAS DA4 

Note that address bits DA3-DA0 are internally 
forced to forcing the first address at the begin- 
ning of each row to be 00, 1 6, 32, etc. to 1 920. 
The most significant bit of this register (TIM) 
is used to select between the two mask pro- 
grammed sets of vertical retrace parameters 
(scan A and scan B). This allows software 
selection of, for example, 50/60 HZ. 

TIM = enable raster scan A (60 Hz) 
TIM = 1 enable raster scan B (SO Hz) 

CURLO (Cursor Low) This register contains the eight 
lower order address bits of the RAM cursor 
address. All FILL screen and character transfer 
operations begin at the memory location pointed 
to by this address. 

CURLO REGISTER 

DB7 DB6 DBS DB4 DBS DB2 DB1 DBO 
DA7 DA6 DAS DA4 DAS DA2 DA1 DAO 

CURHI (Cursor High) This register contains the three 
higher address bits of the RAM cursor address 
(DA10, DA9, DAS). All FILL screen and char- 
acter transfer operations begin at the memory 
location pointed to by this address. In addition, 
this register contains the Smooth Scroll Offset 
Values SSS-SSO which determine the number 
of scan lines that the data is shifted on the 
screen. The MSB of this register (SLE-status line 
enable) is the enable for the non-scrolling status 
line (this feature is available only on a part pro- 
grammed for 25 data rows). 

CURHI REGISTER 

DB7 DBS DBS DB4 DBS DB2 DB1 DBO 
SLE SSS SS2 SS1 SSO DA10 DA9 DAS 

SLE = 1 enables non-scrollinn 25th 

status line 
SLE = disables and blanks non- 
scrolling status line 

SSS-SSO Smooth Scroll Offset Value 

ATTDAT (Attribute Data) This register specifies the vis- 
ual attributes of the video data and the cursor 
presentation. The visual attributes specified in 
the ATTDAT register (DBS-DBO) are enabled or 
disabled by a TAG bit that is appended to the 
ASCII character written to the CHARACTER 
register. Every character on the screen with its 
TAG bit set is displayed with the same attribute. 
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Changing the Attribute register will change the 
attribute of every "tagged" character on the 
screen. The functions of the remaining bits in the 
ATTDAT register are not affected by the display 
character's TAG bit. 

There are two display modes, "alphanumerics" and 
"graphics". In the alphanumeric mode, visual attributes may 
be selected by the TAG bit. In the graphics mode, a tagged 
character will be a normal alphanumeric character. This 
allows a screen to display a mix of graphic and alphanu- 
meric characters or visually attributed alphanumeric char- 
acters. The display variations of the alphanumerics and 
graphics modes are summarized by the following: 

ATTDAT REGISTER 

DB7 DB6 DBS DB4 DBS DB2 DB1 DBO 



DB7 



DBS 



MODE DB7 = 1 enables graphics 

SELECT mode display (No 

attributes allowed) 
DB7 = enables alpha 

mode display 



CURSOR DB6 
SUPPRESS 



1 



DB6 = 



DBS 



CURSOR 
DISPLAY 



DBS = 1 



DBS = 



DB4 SCREEN 



DB4 = 1 



DB4 



inhibits VIDEO dis- 
play at cursor time 
by forcing the 
VIDEO output to 
background level 
during cursor dis- 
play time 
enables VIDEO 
display at cursor 
time 

Note: a blinking 
cursor display can 
be achieved by 
toggling this bit 
under processor 
control. 

enables underline 
cursor display 
enables block cur- 
sor display 
Note: An underline 
cursor in an under- 
line character 
attribute field will 
be dashed. 

for white screen 
and black 
characters 
for black screen 
and white 
characters 
Note: this is a 
screen attribute 
(versus character 
attribute) bit and 
sets the default 
Video background 
level. 



o 

LU 

mi 
< 

CO 

o 
cc 
o 

G 
UJ 

-J 

m 
< 

z 

LU 



rDB3 CHARACTER DBS = 1 to enable Video 
SUPPRESS suppress 

DB3 = to inhibit Video 
suppress 
This bit allows 
character blinking 
and blanking under 
processor control 



DB2 INTENSITY DB2 = 1 



DB2 = 



DB1 UNDERLINE DB1 = 1 



■-DBO 



REVERSE 
VIDEO 



DB1 =0 



DBO = 1 



DBO = 



allows the INTOUT 
output pin to go 
high f or t he c har- 
acter time 
inhibits the 
INTOUT output pin 
from going high 

will cause the char- 
acter to be 
underlined 
will inhibit the 
underline 

will cause the 
standard fore- 
ground and back- 
ground Video 
levels (selected 
withDB4)tobe 
reversed for the 
character time 
will Inhibit reverse 
video 



MODE 



The AUTO INCREMENT bit in this register 
specifies whether or not the display memory 
character address is automatically incre- 
mented by the VTLC after every read/write of 
the CHARACTER register. Note: The visible 
cursor position is not affected. 

MODE REGISTER 

DB7 DBS DBS DB4 DBS DB2 DB1 DBO 

AUTO X X 
INC 

DB7 AUTO 

INCREMENT 



X X X X X 



DB7 = 1 to enable 
automatic character 
address 

The RAM address is 
incremented after the 
VTLC completes a dis- 
play memory access 
initiated by a processor 
to RAM or RAM to 
processor character 
transfer. 

DB7 = to disable 
automatic increment 



CHARACTER This register allows access to the display 
memory for both byte transfers and FILL 
operations. In BYTE Transfer Write Mode, 
the processor first writes a character to this 



register. The VTLC takes that character 
and stores it in the display memory in the 
location specified by the CURLO and 
CURHI registers. In Byte Transfer Read 
Mode, the processor reads this register 
causing the VTLC to fetch the character 
whose address is specified in the CURLO 
and CURHI registers from the display 
memory and place it in the CHARACTER 
register. The processor then reads the 
character and initiates another fetch from 

rnpmorv/ p\/pi^ ln_F_Iil mn fi tst m/ritinn a h\/to 

1 1 1^1 1 IV/i y X^yK^iV • tr I T iwb 1 1 Iv/vl^j Wl tltriM Ct i^y IKS 

to this register will initiate a FILL operation. 
All VTLC/memory data transfers take place 
during horizontal and vertical video retrace 
blank time. 

CHARACTER REGISTER 
DB7 DB6 DBS DB4 DBS DB2 DB1 DBO 
TAG BIT + 7 BIT ASCII CHARACTER 

CHARACTER SET 

Using the DB7-DB0 data bus I/O pins and the MOD SEL 
bit in the ATTDAT register, the user can address 128 char- 
acters, a six segment "wide graphics" and a four segment 
"thin graphics" entity. Included in the 128 mask program- 
mable characters can be the 96 standard ASCII characters 
and S2 special characters. 

A. (MODE SEL = 1) GRAPHICS MODE 

This mode allows an intermix of alpha-numeric and 
graphics characters. No attributes are permitted in this 
mode. If TAG BIT = 1 , the character will be an alpha- 
numeric. If TAG BIT = 0, the character will be a graph- 
ics character. 

CHARACTER REGISTER 

ALPHANUMERIC: TAG BIT = 1 

DB7 DB6 DBS DB4 DBS DB2 DB1 DBO 
TAG = 1 1-^ ALPHA-NUMERIC CHARACTER -H 

DB6-DB0 Specify character 

CHARACTER REGISTER 
GRAPHICS: TAG BIT = 



DB7 



DB6 DBS DB4 DBS DB2 DB1 DBO 



TAG = W/T SEG6 SEGS SEG4 SEG3 SEG2 SEG1 

DB6 W/T = 1 specifies a wide graphics 
character 

W/T = specifies a thin graphics 
character 

WIDE GRAPHICS ONLY: 

DBS-4 SEG6-S = 1 to turn on graphics 
entity segment 
SEG6-S = to turn off graphics 
entity segment 

Note that DBS and DB4 have no meaning in the 
thin graphics entity. 
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WIDE AND THIN GRAPHICS: 

DB3-0 SEG4-1 if any bit = 1 , corresponding 
graphics entity segment ON 

It any bit = 0, corresponding 
graphius eriiiiy begriieni OFF 



B. (MOD SEL = 0) ALPHA-NUMERICS MODE 

This mode allows display of alpha-numeric characters 
with attributes. If DB7 is set to a logical one, the attri- 
bute(s) specified in the ATTDAT register will be ena- 
bled for that character. If TAG BIT is cleared, attributes 
will not be enabled for that character. 



CHARACTER REGISTER 



DB7 DBS DBS DB4 DB3 DB2 DB1 DBO 
TAG I-- ALPHA-NUMERIC CHARACTER -»H 

DB7 = 1 to enable attribute(s) for character 
DB7 = to disable attribute(s) for character. 

DB6-DB0 Specify character 



SEGMENT 
6 


SEGMENT 
3 


SEGMENT 
5 


SEGMENT 
2 


SEGMENT 
4 


SEGMENT 
1 



WIDE GRAPHICS ENTITY 

NOTE: scan line and column of segment 
locations are mask programmable. 





SEGMENTS 


SEGMENT 4 


SEGMENT 2 
SEGMENT 1 



THIN GRAPHICS ENTITY 

NOTE: scan line and column of segment 
locations are mask programmable. 



DESCRIPTION OF SYSTEM OPERATION 

The VTLC circuitry provides two control functions. One 
function interprets and controls data from the system pro- 
cessor interface through the data bus DB7-DB0 as shown 
in the Processor Timing of figure 3. The other function gen- 
erates and refreshes the video imaae on the screen throuoh 



the DD7-DD0 data bus as shown in the Display Memory 
Timing of figure 2. Because the system data bus is isolated 
from the display data bus, the VTLC maintains complete 
control over access to display memory. All data flow between 
display RAM and the processor or the VTLC takes place 
through the VTLC. Refer to the VTLC Display Memory 

rtCCeSS I iiViiny Of ftyuib 7. 

DISPLAY MEMORY ACCESS 

Processor/display memory access is accomplished 
through the CHARACTER register of the VTLC. All proces- 
sor transfers to or from the CHARACTER register take place 
only when the DONE bit is high. The DONE bit is used to 
synchronize data transfers between the VTLC and the pro- 
cessor as shown in the Typical Processor To Display Mem- 
ory Transfer of figure 6. When the processor needs to store 
a byte of data in the display memory, it will write the byte to 
the CHARACTER register of the VTLC. The VTLC will 
immediately reset the DONE bit indicating that the transfer 
hardware is busy At the next blanked Video time, the VTLC 
will store the byte in the display memory, increment the 
character address, (if auto increment is enabled) and set 
the DONE bit. When the processor needs to read a byte of 
data from the display memory, it will read the CHARACTER 
register. The VTLC will fetch the desired byte from the dis- 
play memory during the next blanked VIDEO time, incre- 
ment the character address (if enabled), and set the DONE 
bit. When the processor detects that the DONE bit is set, it 
will read the CHARACTER register to get the data byte from 
the VTLC. This read will reset the DONE bit and cause the 
VTLC to fetch the next byte of data from the memory 

If auto increment is not enabled, the processor must set 
the cursor address in the CURLO and CURHI registertothe 
address of the memory location being read from, or written 
into, before every access to the CHARACTER register. 

It should be noted that Auto Increment does not affect the 
visible cursor location. If auto-increment is enabled, the 
current character location will equal the cursor position only 
for the first character transfered following an update of the 
CURLO and CURHI registers. Note that the DONE bit must 
be high before attempting to update the cursor registers 
because the loading of the cursor registers will reset the 
character position counters to the cursor position. 

SMOOTH SCROLL 

The VTLC may be programmed to do either "jump" or 
"smooth" scrolling. Jump scrolling moves the data up or 
down the monitor screen one data row at a time. Smooth 
scrolling moves the data up the monitor screen one scan 
line at a time. The number of scan lines and the rate they 
move up the screen is under processor control. 

Smooth scroll is controlled through manipulation of the 
SS3-SS0 bits of the CURHI register. These bits represent 
the binary address of the first scan line of the first data row 
displayed on the monitor screen (the data row whose 
beginning address is in the TOSADD register). When the 
value represented by these bits is incremented, the video 
data on the monitor screen moves up by the same number 
of scan lines. After the address of the last scan line of the 
data row is loaded into the CURHI register and the VIDEO 
data has moved up the last scan line of the data row, the 
processor resets the SS3-SS0 address to point to scan line 
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and does a jump scroll. Jump scroll is accomplished by 
incrementing the RAM address in the TOSADD register by 
a data row length (so that it points to the address of the first 
character of the new top data row on the monitor). 

When programmed for a data row of 80 characters/data 
row display (1920 data words), for example, the display RAM 
contains 25 actual rows of data (2000 RAM locations). If the 
smooth scroll offset equals zero, the VTLC will display the 
1919 RAM locations following the top of screen address 
when displaying data. The first data row is partially scrolled 
off the screen and the 25th data row is scrolled onto the 
stroenwlTen^thesfTTOOth scroll offset is i n c r eme nt ed . The 
VTLC will now display the 1999 RAM locations following the 
top of screen address (wrapping to after address 1999). 
After the VTLC does a jump scroll, the processor will pro- 
gram it to erase the line just scrolled off the screen (prepar- 
ing it to be scrolled onto the screen) . This line now becomes 
the non-displayed 25th data row. 

NON-SCROLLING STATUS LINE 

The non-scrolling status line is only functional on a VTLC 
that has been programmed for 25 data rows. This data row 



will remain stationary at the bottom of the screen and will 
not move up the screen when the remainder of the display 
data is scrolled. Otherwise, VIDEO data on the status line 
may be manipulated as though it were normal display data. 
The smooth scroll offset will not function properly when the 
status line is enabled. The memory address of the charac- 
ters on the status line are always characters 1 920-1 999. 
NOTE: If the part is programmed for 25 data rows an addi- 
tional mask option must be specified which makes the 25th 
data row either fixed (always displayed) or a status row 
(enabled/disabled by the SLE bit). 



CHIP RESET 

The CRT 9028 and CRT 9128 Chip Reset requires two 
steps. The system processor first writes the reset address 
to the address register of the VTLC. The system processor 
then writes a dummy character to the VTLC Data register. 
Writing to the Data register resets the chip. The only state 
affected by the reset function is the setting of the DONE bit 
in the STATUS register. 



ROM CHARACTER BLOCK FORMAT 



COLUMN DOT -> 



C7 


C6 


C5 


C4 


C3 


C2 


C1 


CO 







































































MASK PROGRAMMABLE 

CHARACTER BLOCK 

(FONT) 

5X8 
















































































































































SCAN LINE -> 

SCAN LINE 1 -> 

SCAN LINE 2 -> 

SCAN LINE 3 -> 

SCAN LINE 4 -> 

SCAN LINE 5 -> 

SCAN LINE 6 -> 

SCAN LINE 7 -> 

SCAN LINE 8 -> 

SCAN LINE 9 -> 

SCAN LINE 10 -> 

SCAN LINE 1 1 -> 

Mask programmable optlons-The ROM character block format above shows the 5X8 mask programmable character font 
within the character cell as defined by dots C7 through CO and scan lines through 11. 
Dots/Character: 6 dots/character cell = > C7 - C2 displayed 

7 dots/character cell = > C7 - CI displayed 

8 dots/character cell = > C7 - CO displayed 

Column dots CO and CI will be the same as column dot C7 when more than 6 dots/character cell are specified 
when generating alpha-numerics. 

NOTE: The maximum dot clock crystal frequency is dependent on the dots/ character programmed: 



DOTS/CHARACTER 


MAXXTALFREQ 


6 dots 

7 dots 

8 dots 


10.5 MHz max* 
12.25 MHz max* 
14,0 MHz max* 



•These values are preliminary 
Scan Lines per Character: 8 scan lines/character = > SLO ■ SL7 displayed 
9 scan lines/character = > SLO ■ SL8 displayed 

10 scan lines/character = > SLO ■■ SL9 displayed 

1 1 scan lines/character = > SLO - SL10 displayed 

12 scan lines 'character = > SLO ■ SL11 displayed 

Thin and Wide Graphics: Dots mask programmed for vertical column C2 will be the same as backfill Columns and 1 
when generating wide and thin graphics. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55°C to + 1 50°C 

Lead Temperature (soldering, 1 sec.) + 325°C 

Positive Voltage on any Pin, with respect to ground + 8.0V 

Negative Voltage on any Pin, with respect to ground - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maxi- 
mum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" 
on their outputs when the AC power is switched on and off. In addition, voltage transients on the AC power line may 
appear on the DC output. If this possibility exists, it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (TA =0'C to 70°C, Vcc = + 5V ± 5%, unless otherwise noted.) 



PARAMETER 



DC CHARACTERISTICS 

INPUT VOLTAGE LEVELS 

Low-level, Vil 

Hiqh-Level, Vih 
OUTPUT VOLTAGE LEVELS 

Low-level, Vol 



Low-level, Vol 
High-level, Voh 



High-level, Voh 



INPUT LEAKAGE CURRENT 
High-level, llh 

Low-level, III 

Low-level, III 

INPUT CAPACITANCE 

All inputs, Cin 
OUTPUT LOAD 

Cl 

C. 
POWER SUPPLY CURRENT 

Ice 
AC CHARACTERISTICS 

CLOCK FREQUENCY, fin 
DISPLAY MEMORY TIMING 
Address Set-up Time 

Us 
Write Strobe Set-up Time 

twST 

Data Set-up Time 

tsT 

Data Hold Time 



MIN 



2.2 



2.4 



2.4 



TYP 



MAX 



0.8 
0.4 

0.4 



1.0 

20 
100 

80 

10 



125 



10 
-10 

-200 

15 

15 
100 

14.0 



UNIT 



25 




|xA 
|xA 

(jlA 

PF 

PF 
pF 

mA 

MHz 

ns 
ns 
ns 
ns 



All outp uts except 
Vil5E0, CSYNC, 
INTOUT HSYNC, 
VSYNC ; lol = 1.6 mA 
VIDEO, CSYNC, 
INTOUT HSYNC, 
VSYNC; lol = 0.4 mA 
All outp uts except 
VIDEO, CSYNC, 
INTOUT HSYNC, 
VSYNC; loh = 

VIDEO, CSYNC, 
INTOUT HSYNC, 
VSYNC; loh = 
-20(jlA 



All inputs; Vin = Vcc 

All inputs 

except WR, RD, 
DS, R/W; Vin = .04V 

WR.RD, 

DS, R/W; Vin = 0.4V 



Except DB7-0 
DB7-0 
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PARAMETER 



MIN 


TYP 


MAX 


UNIT 


25 






ns 


15 






ns 






250 


ns 


160 






ns 


160 






ns 


15 






ns 






200 


ns 









ns 


250 






ns 


120 






ns 


160 






ns 



COMMENTS 



Address Hold Time 

Iaht 

Output Hold From Address Change 

Address Access Time 

PROCESSOR TIMING 
Address Read/Write Set-up 

tARWS 

Write Pulse Width 

twpw 

Write Hold Time 

twHT 

Read Set-up Time 

tpST 

Read Data Valid 

Trdv- 

Read Pulse Width 

tfiPW 

Data Write Falling Set-up 

Idwfs 

Data Write Rising Set-up 

tnwRR 



Crystal specification (Applies for 4-14 MHz): 
Series Resonant 
50 ohms max series resistance 
1 .5 pf typ parallel capacitance 
Operation below 4 MHz requires external crystal oscillator 



J[ 



mnm : 



X 






VTLC OUTPUT 
TO RAM 



VTLC INPUT 
FROM RAM 



)SMSX 



r 



READ DATA 
FROM RAM 



NOTE: DISPLAY ADDRESS BUS DA10-DA0 MUST NOT CHANGE WHILE DWR IS LOW 



FIGURE 2. DISPLAY MEMORY TIMING 



z): 



X 



X 



}C 



/ 



/S 



,^ 



- "XMm~^^^^^^^^(XXYYXXXX)F^ 



PROCESSOR WRITES 
TO VTLC 



\ READ / 



\. READ / 



PROCESSOR 
READS VTLC 



fsxm)C^^^D<sssx 



PROCESSOR 
READS VTLC 



(1 ) If set-up lime is not met, screen may glitcti when cursor or attribute 
registers are changed during active video time. 

(2) IVlinimum set-up time to ensure valid data into VTLC internal registers. 

FIGURE 3. PROCESSOR TIMING 
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VERTICAL TIMING 



VERTICAL 

SYNC 
DURATION 



I w- 



VSYNC 
DELAY 



-//- 



y/- 



•NUMBER OF- 
DISPLAYED 
DATA ROWS 



HORIZONTAL TIMING 



HORIZONTAL 

SYNC 

DURATION 



HSYNC 
DELAY 



J V 



-//- 



J~ 



■ NUMBER OF - 

BLANKED 

CHARACTERS 



NOTE: Video parameters above are mask programmable 



■ih 



- NUMBER OF - 

DISPLAYED 

CHARACTERS 



FIGURE 4. VERTICAL AND HORIZONTAL SYNC TIMING 



:_J~L 



n 



n 



n 



J~L 



n 



i~L 



r 



rL_rL_Ji__rL_rL_rLJ 



NOTE: Delays between pulse edges and pulse width values may vary due to mask programmable features. 
*H represents horizontal interval 



i_r 



\j 



HSYNC 
CSYNC 



n 



n 



_ri. 



i_r 



d = HSYN Delay -CSYN Delay 



WITHIN VERTICAL SYNC 
PULSE TIME 



OUTSIDE OF VERTICAL 
SYNC PULSE TIME 



FIGURES. VIDEO SIGNAL TIMING 



ixxxmxxxxxxxxi 



- xxxxxxxxx 



ASCII CHARACTER 



(CAUSES DONE BIT RESET) 



•DONE 

(DB7 OF STATUS 

REGISTER) 



X 



X 



X 



\ 



DONE = 1 SIGNIFIES THAT PROCESSOR MAY ACCESS CHARACTER REGISTER 
DONE = SIGNIFIES THAT PROCESSOR MAY NOT ACCESS CHARACTER REGISTER 



X 



ASCII CHARACTER 



X 



VTLC WRITES 
CHARACTER REGISTER 
TO DISPLAY MEMORY 




FIGURE 6. TYPICAL PROCESSOR TO DISPLAY MEMORY TRANSFER 
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CO 

en 



TIME: 
DA10-0 



TYPICAL DISPLAY TIMING 

BLANKING 



X 



CHARACTER 
- DISPLAY -/ 



1 



^ 



CHARACTER Y CHARACTER 1 , 



(CHARACTER N 



A. 



CHARACTER 
- DISPLAY 



A 77 YcHARACTER YcHARACTER lY 



'¥ 



-'I'l- 



DISPLAY MEMORY READ 



-H- 




CHARACTER N 



•c 



TIME: 
DA10-0 



READ AND WRITE DISPLAY MEMORY TIMING 

BLANKING 



X 



CHARACTER 
DISPLAY - 



^ 'character Oy CHARACTER 1 AZVcHARACTER n\ f CURSOR 
J\^ ADDRESS A ADDRESS 77 A ADDRESS yk ADDRESS 



CHARACTER 
DISPLAY 



Z/ N /character oV character iV 

77 J< ADDRESS A ADDRESS A ' 




character I 

ADDRESS 



H 



DONE 

(DB7 OF STATUS 

REGISTER) 




PROCESSOR WRITES TO FILADD REGISTER 
FOLLOWED BY WRITE TO CHARACTER REGISTER' 



L 



^^^^^^^^ 



V_^^^^ 



v/ 



WRITE TO 
LAST LOCATION 



DONE 

(DB7 OF STATUS 

REGISTER) 



^ 



* 



Jf 



V CHARACTER V CHARACTER V FILL V FILL V ^ V ll V FILL V FILL V // V FILL V 



NOTE: *N CHARACTERS/DATA ROW 



FIGURE 7. VTLC DISPLAY MEMORY ACCESS TIMING 



APPENDIX-STANDARD PARTS-CRT 9028-000/CRT 9128-000 



I. ROM CHARACTER BLOCK FORMAT: 

COLUMN DOT -> 



C7 C6 C5 C4 C3 C2 C1 



SCAN LINE 1 


-> 





SCAN LINE 2 


-> 





SCAN LINE 3 


-> 





SCAN LINE 4 


-> 





SCAN LINE 5 


-> 





SCAN LINE 6 


-> 





SCAN LINE 7 


-> 





SCAN LINE 8 


-> 





SCAN LINE 9 


-> 






CHARACTER BLOCK 
5 X 8 CELL 



II. 



IV. 



DOTS PER CHARACTER: 

DOT CLOCK XTAL FREQUENCY (MHz): 

HORIZONTAL TIMING (IN CHARACTER TIMES) 

CHARACTERS PER DATA ROW: 
HORIZONTAL BLANKING: 
HORIZONTAL SYNC DELAY: 
HORIZONTAL SYNC PULSE WIDTH: 
HORIZONTAL SYNC POLARITY: 
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ACTIVE VIDEO 



NEGATIVE ACTIVE 
HORIZ BLANKING- 



i 



ACTIVE VIDEO 



VIDEO 



HSYNC 



HORIZ SYNC DELAY 



M- 



-HORIZ SYNC 
PULSE WIDTH 



VERTICAL TIMING: 

CHARACTER ROWS: 
SCAN LINES PER CHARACTER: 
TOTAL VISIBLE SCAN LINES: 
VERTICAL SYNC POLARITY: 

VERTICAL SYNC TIMING (IN SCAN LINES): 

60 Hz VERTICAL BLANKING: 

60 Hz VERTICAL SYNC DELAY: 

60 Hz VERTICAL SYNC PULSE WIDTH: 

ALTERNATE (50 Hz) VERTICAL BLANKING: 

ALTERNATE (50 Hz) VERTICAL SYNC DELAY: 

ALTERNATE (50 Hz) VERTICAL SYNC PULSE WIDTH: 



24 
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240 

NEGATIVE ACTIVE 



20 
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30 
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ACTIVE VIDEO 
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VERTICAL BLANKING ■ 



VIDEO 



VSYNC 



ACTIVE VIDEO 



VSYNC DELAY 



■VERT SYNC 
PULSE WIDTH 
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V. COMPOSITE SYNC OUTPUT (IN CHARACTER TIMES): 

COMPOSITE SYNC DELAY: 
COMPOSITE SYNC PULSE WIDTH: 



ACTIVE VIDEO 



VIDEO 
CSYN 



CSYN DELAY 



h — H-«- 



ACTIVE VIDEO 



CSYN PULSE WIDTH 



VI. UNDERLINE ATTRIBUTE AND CURSOR LINE: 



SCAN LINE 9 



VII. WIDE GRAPHICS FIGURE DEFINITION: 



COLUMN -> 

SCAN LINED -> 
SCAN LINE 1 -> 
SCAN LINE 2 -> 
SCAN LINE 3 -> 
SCAN LINE 4 -> 
SCAN LINE 5 -> 
SCAN LINE 6 -> 
SCAN LINE 7 -> 
SCAN LINE 8 -> 
SCAN LINE 9 -> 

VIII. THIN GRAPHICS FIGURE DEFINITION: 

COLUMN DOT -> 
SCAN LINED -> 
SCAN LINE 1 -> 
SCAN LINE 2 -> 
SCAN LINE 3 -> 
SCAN LINE 4 -> 
SCAN LINE 5 -> 
SCAN LINE 6 -> 
SCAN LINE 7 -> 
SCAN LINE 8 -> 
SCAN LINE 9 -> 



C7 C6 C5 C4 C3 C2 CI 



SEGMENT 6 


SEGMENT 3 


SEGMENT 5 


SEGMENT 2 


SEGMENT 4 


SEGMENT 1 



C7 C6 C5 C4 C3 C2 C1 
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SEGMENT 4 




SEGMENT 2 
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SEGMENT 4 = SCAN LINE 5; C7, C6, C5, C4 
SEGMENT 3 = C4; SCAN LINES 0, 1 , 2, 3, 4, 5 
SEGMENT 2 = SCAN LINE 5; C4, C3, C2, CI 
SEGMENT 1 = C4; SCAN LINES 5, 6, 7, 8, 9 
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STANDARD MICROSYSTEMS 



CRT 9041 A 
CRT 9041 B 
CRT 9041 C 

PRELIMINARY 



CRT Video Attributes Controller 

VAC 



FEATURES 

D On chip 12 bit siiift register 

3 speed versions: 
CRT9041A-33l\/IHz 
CRT 9041 B -30MHz 
CRT 9041 C-28.5l\/IHz 
D On chip attributes logic 

Reverse video 

Character blank 

Character blink to blank 

Character blink between any two of 

four video intensity levels 

Two independent underline attributes 

Four video intensity levels 

Two general purpose attributes 
n Wide graphics mode 
n Thin graphics mode 
n Reverse screen input 

D On chip logic for double height/double width data rows 
D Accepts scan line information in parallel or serial format 
D Supports multiple cursors 
D Four cursor modes dynamically selectable 
via 2 input pins 

Underline 

Blinking underline 

Reverse video block 

Blinking reverse video block 
D Mask programmable cursor blink rate and duty cycle 



PIN CONFIGURATION 



CURS 


1 


40 


RETBL 


2 


39 


ED/SH 


3 


38 


VDC 


4 


37 


VIDEO 


5 


36 


DST 


6 


35 


D11 


7 


34 


D10 


8 


33 


D9 


9 


32 


D8 


10 


31 


D7 


11 


30 


D6 


12 


29 


D5 


13 


28 


D4 


14 


27 


D3 


15 


26 


D2 


16 


25 


D1 


17 


24 


DO 


18 


23 


SL3/BKC 


19 


22 


GND 


20 


21 



Vcc 

GP20 

GP10 

HINTO 

BOLDO 

ATTEN 

CHABL 

UL2/GP2I 

XCURS/GPII 

HINT! 

BOLDI 

BLINK 

RS 

REVID 

MSI 

MS6 

VSYNC 

SLO/SLD 

sli/SlS 

SL2/BLC 



D Mask programmable character blink rate and duty cycle 

D On chip data and attribute latches 

D Externally multiplexible for higher video rates 

D Dot stretch on a character basis 

D + 5 volt operation 

D TTL compatible 

D MOS n-channel silicon gate COPLAMOS® process 

D Compatible with the CRT 5037 and CRT 9007 



GENERAL DESCRIPTION 



The SMC CRT 9041 Video Attributes Controller (VAC) is 
an n-channel COPLAMOS® MOS/LSI device containing 
graphics logic, attributes logic, data and attribute latches, 
cursor control, and a high speed video shift register. The 
CRT 9041 , a character generator ROM, and a CRT con- 
troller such as the CRT 9007 provide all of the major circui- 
try for the display portion of a CRT video terminal. 

The CRT 9041 serial video output may be connected 
directly to a CRT monitor's video input. The CRT 9041 is 
available in three speed versions: 28.5 MHZ (9041 C), 30 
MHZ (9041 B) and 33 MHZ (9041 A). 

The CRT 9041 attributes include: reverse video, 2 under- 
lines, character blank, and character blink. Character blink 
may be to background, or between any 2 of 4 possible video 
intensity levels. Two output pins define 4 video levels: half, 
three quarters, full, and bold. When used in conjunction with 
the CRT 9007 VPAC", the CRT 9041 will provide double 
height or double width data row display 

Two cursor input pins allow simultaneous display of two 
cursors. Each of these cursors can be displayed in one of 
4 display formats: underline, blinking underline, reverse 
video character block, and blinking reverse video character 



block. When used in the serial scan line input mode, each 
cursor may be displayed in any of the 4 cursor display modes 
as selected via the two input pins. When used in the parallel 
scan line input mode, each cursor display mode is mask 
programmable and fixed at the time of manufacture. 

The cursor format or the parallel scan line information can 
be changed on a character by character basis to allow dif- 
ferent cursor formats on separate areas of the screen or for 
superscripted or subscripted characters. 

Two graphics modes are provided. In the wide graphics 
mode, the CRT 9041 produces a graphic entity the size of 
the character block. The graphic entity contains eight parts, 
each of which is associated with one bit of the input byte 
thereby providing 256 unique graphic symbols. The thin 
graphics mode enables the user to create thin line drawings 
and forms. In both graphics modes, continuous horizontal 
and vertical lines may be drawn. Additional flexibility is pro- 
vided through the mask programming of the placement and 
dimensions of the blocks or lines within a character block. 
In the thin graphics mode, mask programming allows ser- 
rated horizontal lines. 
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DI„-Dlo 



DST 
CURS 
RETBL 



ATTEN 
MSBT 
MS1 
REVID 
CHABL 
BUNK 
HINTI 
SOLDI 

XCURS/GP1 1 
UL2/GP2I 




SLO/SLD 

■« — SL1/SLG 

-•— SL2/BLC 

SL3/BK C 

VSYNC 



•-GP10 
GP20 



FIGURE 1: CRT 9041 BLOCK DIAGRAM 



DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 


Cursor 


CURS 


When this input is high and RETBL is low, the programmed cursor format 
will be displayed. When this input is high, and RETBL is high, the CRT 
9041 enters the double width mode. See section entitled "Cursor 
Formats" for details. 


2 


Retrace 
Blank 


RETBL 


When this input is high, the parallel inputs to the video shift register are 
unconditionally cleared to all zeros and loaded on the next ED/SH pulse. 
This forces the Video output to a low voltage level, independent of all 
attributes for blanking the CRT during horizontal and vertical retrace time. 


3 


Load/Shift 


ED/SH 


The 12 bit video shift register parallel-in load or serial-out shift operation 
is established by the state of this input. When high, this input enables 
the shift register for serial shifting with each video dot clock pulse (VDC 
input). When low, the video shift register is parallel loaded on the next 
video dot clock pulse and all data and attributes are moved to the next 
position in the internal pipeline. In addition, input data and attributes are 
latched on the positive transition of ED/SH. If the period of this signal is 
greater than 12 dots, video information will be supplied in the form of 
backfill dots as specified in the mask programmed options. 


4 


Video Dot 
Clock 


VDC 


This input clock controls the rate at which video data is shifted out on 
the VIDEO output. 


5 


Video 


VIDEO 


The Video output provides the serial dot stream to the CRT Video data 
is shifted out on the rising edge of the video dot clock VDC. The timing 
of the ED/SH input will determine the number of backfill dots. 


6 


Dot 
Stretch 


DST 


This input determines if all dots in the video stream will be stretched by 
one dot. In normal video, all 1's are stretched and in reverse video all O's 
are stretched. This input enters the CRT 9041 along with D11-D0 with 
one ED/SH delay Updating can occur each ED/SH to allow selected dot 
stretching on a character by character basis. A high voltage will cause 
the dot stretch and a low voltage will inhibit the dot stretch mechanism. 
See section entitled "Dot Stretch" for details. 


7-18 


Data 


D11-D0 


In the character mode, the data on these inputs are passed through the 
attributes logic into the 12 bit high speed video shift register. The binary 
information on D1 1 will be the first bit output after the ED/SH input goes 
low. In the thin or wide graphics mode only the D11 through D4 inputs 
will individually control the on/off condition of the particular portion of the 
character block or line drawing. Tables 5 and 6 illustrate the wide and 
thin graphics modes respectively and their relationships to D11-D4. 
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PIN NO. 


NAME 


SYMBOL FUNCTION 


19 


Scan line 3/ 
Block Cursor 


SL3/BKC 


Information on this input is delayed 2 ED/SH cycles before entering the 
Attribute and Graphics Logic. As a result, this input can be changed on 
a character basis to allow the cursor format to enter the CRT 9041 as an 
attribute or to allow the parallel scan line information to change on a 
character basis. This input has two separate functions depending on the 
way scan line information is presented to the CRT 9041. In the Parallel 
Scan Line Mode, this input is the most significant bit of the binary scan 
line row address. In the Serial Scan Line Mode, this input controls the 
cursor's physical dimensions. If high, the cursor will appear as a reverse 
video block (the entire character cell will be displayed in reverse video). 
If low, the cursor will appear as an underline on the scan line(s) pro- 
grammed. (See Table 4.) 


20 


Ground 


GND 


Ground 


21 


Scan line 2/ 
Blink Cursor 


SL2/BLC 


Information on this input is delayed 2 ED/SH cycles before entering the 
Attributes and Graphics Logic. As a result, this input can be changed on 
a character basis to allow the cursor format to enter the CRT 9041 as an 
attribute or to allow the parallel scan line information to change on a 
character basis. This input has two separate functions depending on the 
way scan line information is presented to the CRT 9041 . (See Table 4.) 


22 


Scan Line 1/ 
Scan Line Gate 


SL1/SLG 


This input has two separate functions depending on the way scan line 
information is presented to the CRT 9041 . In the Parallel Scan Line Mode 
this input is the next to the least significant bit of the binary scan line row 
address. In this mode the information presented is delayed 2 LD/SH 
cycles before entering the Attributes and Graphics Logic to allow the scan 
line information to be changed on a character basis. In the Serial Scan 
Line Mode this input will be low for 5 or 6 ED/SH pulses to allow the scan 
line information to be serially shifted into the serial scan line shift register 
If this signal is low for 7 or more LD/SH pulses, the CRT 9041 will assume 
the parallel input scan line row address mode. 


23 


Scan line 0/ 
Scan Line data 


SLO/SLD 


This input has two separate functions depending on the way scan line 
information is presented to the CRT 9041 . Refer to Table 4. In the Parallel 
Scan Line Mode this input is the least significant bit of the binary scan 
line row address. The information presented in this mode is delayed 2 
ED/SH cycles before entering the Attributes and Graphics Logic to allow 
the scan line information to be changed on a character basis. In the Serial 
Scan Mode this input will present the scan line information in serial form 
(least significant bit first) to the CRT 9041 and permits the proper scan 
line information to enter the serial scan line shift register during the ED/ 
SH pulses framed by SLG. 


24 


Vertical 
Sync 


VSYNC 


This input is typically connected to the vertical sync output of the CRT 
controller and is used as the clock input for the on-chip mask program- 
mable blink rate dividers. The cursor blink rate can be a multiple or sub- 
multiple of the character blink which is selectable as a mask program 
option (see Table 10.) In addition, the internal attributes are reset when 
this input is low. The VSYNC input is also used to determine the scan 
line mode (parallel or serial) used. See the section "Scan Line Input 
Modes". 


25 
26 


Mode Select 
Mode Select 1 


MSO 
MSI 


These 2 inputs define the four modes of operation of the CRT 9041 as 
follows: 


MS1 


MSO 


MODE 



1 

1 





1 
1 


Wide graphics mode 

Thin graphics mode 

Character mode without underline one 

Character mode with underline one 


See section entitled Display Modes for details. 


27 


Reverse Video 


REVID 


When this input and Retrace Blank (RETBL) are both low, data from the 
Attributes and Graphics Logic is presented directly to the video shift reg- 
ister. When this input is high and RETBL is low, the Attribute and Graphics 
Logic will invert the data before presenting it to the video shift register 


28 


Reverse Screen 


RS 


This input defines the base background level of the screen. A low on this 
input will cause normal (non-reverse) video to appear white with a black 
background. A high on this input will cause normal (non-reverse) video to 
appear black with a white background. 
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PIN NO. 


NAME 


SYMBOL 


FUNCTION 


29 


Blink 


BLINK 


When this input is high and both the RETBL and CHABL inputs are low, 
the character will blink at the programmed character blink rate. This input 
allows a character to blink between 2 of 4 levels of video or to the back- 
ground level according to one of the 3 mask programmable blink tables 
(Tables 1, 2 and 3). The duty cycle for the character blink is mask pro- 

nrammahio ot oithor 7K/OC f^if/r\r^\ «•- cr»/cr\ 


30 


Bold in 


BOLDI 


The BOLDI input along with the BOLDO output provides a user with a Bold 
(high intensity) attribute on a character by character basis. Data input on 
BOLDI will appear at BOLDO with the same delay as that from any other 
attribute input to the serial video output (VIDEO). By using an external mix- 
ing circuit, it is possible to raise the voltage level of the video output to pro- 
duce the bold attribute. 


31 


Half intensity in 


HINTI 


The HINTI input along with the HINTO output provides a user with a half 
intensity attribute on a character by character basis. Data input on HINTI 
will appear at HINTO with the same delay as that from any other attribute 
input to the serial video output (VIDEO). By using an external mixing cir- 
cuit, it is possible to lower the voltage level of the video output to produce 
the half intensity attribute. 


32 


Extra Cursor/ 
General Purpose 
Attribute 1 In 


XCURS/ 
GP1I 


This input has a dual function, it can produce a second cursor with either 
a dynamically selectable format or a masked programmed format. If no 
scan line(s) are programmed for the XCURS format (or if the programmed 
scan lines are beyond the range of the actual scan lines), this input will 
simply be pipelined through the CRT 9041 to produce a user controlled 
general purpose attribute. Data appearing on this input is pipelined to the 
GP1 with the same delay as that from any other attribute input and can 
affect the video as desired. Whether XCURS is used or not, data appear- 
ing on this input will be pipelined to the GP1 output. 


33 


Underline 2 
General Purpose 
Attribute 2 In 


UL2/ 
GP2I 


This input has a dual function. It can produce a second underline (UL2) at 
the masked programmed scan line(s). If no scan line(s) are programmed 
for underline 2, this input will simply be pipelined through the CRT 9041 to 
produce a user controlled general purpose attribute. Data appearing on 
this input is pipelined to the GP20 with the same delay as that from any 
other attribute input and can affect the video as desired. Whether UL2 is 
used or not, data appearing on this input will be pipelined to the GP20 
output. Note that underline 1 is selected via the MSO and MSI inputs. 


34 


Character 
Blank 


CHABL 


When this input is high, the parallel inputs to the video shift register are all 
set low (or high depending on the state of REVID and RS) thus providing 
a constant video level for the entire length of the character block. Only the 
cursor is visible in a character blank field. 


35 


Attribute 
Enable 


ATTEN 


When this input is high, the internal attribute latch is updated at the positive 
going edge of the ED/SH input with data appearing on the REVID, CHABL, 
MSI , MSO, BLINK, BOLDI, HINTI, UL2/GP2I, DST RS, and XCURS/GP1 1 
inputs. By selectively bringing this input high, the user will update the 
attribute only at specific character times; all subsequent characters will 
carry with them the attributes last updated thus allowing "field" or "embed- 
ded" attributes. When using a wide video memory where atthbute bits are 
attached to every character, the internal attribute latch may be updated at 
each character by tying this input high (thus allowing "invisible" attri- 
butes). All attnbutes are reset by the VSYNC input. 


36 


Bold out 
Out 


BOLDO 


This output is used in conjunction with the BOLDI input to provide a three 
character pipeline delay when creating a high intensity effect on the video 
bit stream. In addition, this output is activated independent of the BOLDI 
signal during certain character and cursor blink operations according to 
Tables 1 , 2 and 3. 


37 


Half Intensity 
Out 


HINTO 


This output is used in conjunction with the HINTI input to provide a three 
character pipeline delay when creating a half intensity effect on the video 
bit stream. In addition, this output is activated independent of the HINTI 
signal during certain character and cursor blink operations according to 
Tables 1 , 2 and 3. 


38 


General Purpose 
Attribute 1 out 


GP10 

1 


This output is used in conjunction with the XCURS/GP1I input and pro- 
vides a three character pipeline delay to allow for general purpose attri- 
butes to be implemented. 


39 


General Purpose 
Attribute 2 out 


GP20 


This output is used in conjunction with the UL2/GP2I input and provides a 
three character pipeline delay to allow for general purpose attributes to be 
implemented. 


40 


Supply Voltage 


Vcc 


-!- 5 volt power supply 
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ATTRIBUTES FUNCTIONS 

Reverse - The REVID input causes inverted data to be 

Video loaded into the video shift register 

Character - The CHABL input forces the video to go to 

Blank the current background level as defined by 

Reverse Video and Reverse screen. This 

attribute blanks all video with the exception 

of both cursor displays. 

Underline - MS1 , MSO = 1 ,1 or UL2 = 1 : either condi- 
tion forces the video to the inverse of the 
background level (all 1 's or all O's) for all scan 
line(s) programmed for underline. The two 
underlines are independent. 

Half - The HINTI input and the HINTO output allow 

Intensity a half intensity attribute to be carried through 

the pipeline of the CRT 9041 . An external 
mixer can be used to combine VIDEO and 
HINTO to create a decreased white level in 
the video. 

Retrace - The RETBL input causes the VIDEO to go 
Blank to the zero (black) level regardless of the 

state of all other inputs. 

Bold - The BOLD! input and the BOLDO output 

allow a bold (high intensity) attribute to be 
carried through the pipeline of the CRT 
9041 . An external mixer can be used to 
combine VIDEO and BOLDO to create an 
increased white level in the video. 

Blink - The BLINK input will cause characters to 

blink in a number of mask programmable 
ways. Referring to Tables 1 , 2 or 3, video can 
be made to blink between 2 or 4 possible 
video levels with either a 50/50 on/off or a 
75/25 on/off duty cycle. The tables also 
illustrate that the blink levels can be pro- 
grammed to be a function of the reverse 
video input attribute. A blinking cursor over- 
rides the character blink for the scan lines 
programmed for cursor. The CRT 9041 can 
implement character blinking in several dif- 
ferent mask programmable visual formats 
as shown in the Tables. The blink function 
illustrated in Table 2 implements CRT 9021 
compatibility blinking. 

The CRT 9041 may be mask programmed for one of three 
combinations of blinking operation. These are illustrated 
respectively in Tables 1 , 2, and 3. Since 4 levels of video 
are possible, Tables 1 and 3 define the video blinking 
between 2 video levels and Table 2 defines the video blink- 
ing to the background level making this table compatible 
with the CRT 9021. 

The Non-blink Option Table 1A show s the s tate of the 
video DATA (DATA = non inverted video, DATA = inverted 
video) and the value of the output attributes (BOLDO, 
HINTO) that can be applied to the video DATA as a function 
of the four input attributes. The BLINK = inputs in Table 
1 A result in a non-character blink display as compared to 
the video DATA shown in the Blink Combinations Option 
Table 1B. 

(1 ) Reverse video = (REVID) and (RS) or (REVlD) and (RS) 



TABLE 1A: NON-BLINK COMBINATIONS 


OPTION TABLE 




INPUTS 


VIDEO 


OUTPUTS 


BLINK REVERSE BOLDI HINTI 


BOLDO HINTO 


VIDEO (1) 









DATA 





1 


DATA 


1 


10 


DATA 


1 


11 


DATA 


1 1 


1 


DATA 


1 


10 1 


DATA 


1 


110 


DATA 





1 11 


DATA 


1 1 



TABLE IB: BLINK COMBINATIONS OPTION TABLE 



INPUTS 


CHARACTER 

BUNK 

WITHOUT 

CURSOR (2) 


OUTPUTS 


BLINK REVERSE BOLDI 
VIDEO (1) 


HINTI 


BOLDO HINTO 






_A*_ B* 


.^*_| B*_J\*_| B* 


1 





DATA DATA 


1 


1 


1 


DATA DATA 


1 


1 1 





DATA DATA 


10 


1 1 


1 


DATA DATA 


10 10 


1 1 
1 1 




1 


DATA DATA 
DATA DATA 


1 
1 


1 1 1 
1 1 1 




1 


DATA DATA 
DATA DATA 


10 
10 1 



The Blink Combinations Option Table 1 B shows the sta te 
of the video DATA (DATA = non inverted video; DATA = 
inverted video) during a character blink cycle (TIME A = 
OFF, TIME B = ON). The values of the output attributes 
(BOLDO, HINTO) that can be applied to the video DATA are 
determined by the state of the four input attributes. The 
BLINK = 1 inputs in Table 1 B result in a blinking character 
display as compared to the non-blinking video DATA shown 
in the Non-blink Combinations Option Table 1A. Since 4 
levels of video are possible, Table 1 B defines video blinking 
between 2 video levels. This is shown in the explanation 
Table 1C below. It should be noted that the designation 
NORMAL, Va INTENSITY, % INTENSITY and BOLD have 
been used arbitrarily The actual video levels caused by the 
BOLDO and HINTO are defined by the external video mix- 
ing circuit. 

TABLE 1 



BOLDO 


HINTO 


INTENSITY LEVEL 


BLINK BETWEEN THESE 
2 LEVELS (OFF-ON) 
NON REVERSE REVERSE 
VIDEO VIDEO 





1 

1 



1 

1 


NORMAL (N) 

Va INTENSITY (Va) 

BOLD (B) 

% INTENSITY (%) 


N - Va N - Va 
Va - N N - Va 
B-N N-B 

3/4 - N N - % 



*The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable with the following choices: 
A = 75% OR 50% B = 25% OR 50% (A + B must equal 
100%) 
(2)The combinations in Table 1 allow the user to define the 
cursor and the character blink interaction. A non-blinking 
cursor adds one more inversion to either a non-blinking 
character or a blinking character A blinking cursor over- 
rides a character blink for the scan lines programmed for 
cursor. A blinking cursor will introduce and then remove one 
more inversion to either a non-blinking character or a blink- 
ing character. 
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TABLE 2A: ALTERNATE NON-BLINK COMBINATIONS 
FOR CRT 9021 COMPATIBILITY 



TABLE 3A: NON-BLINK COMBINATIONS FOR THE 
STANDARD CRT 9041 (CRT 9041-004) 



INPUTS 


VIDEO 


OUTPUTS 


BLINK 


REVERSE SOLDI 


HINTI 


BOLDO HINTO 




VIDEO 








f\ 


n n 


n 


nATA 




















1 


DATA 


1 





1 





DATA 


1 





1 


1 


DATA 


1 1 





1 





DATA 








1 


1 


DATA 


1 





1 1 





DATA 


1 





1 1 


1 


DATA 


1 1 



The Alternate Non-blink Combinations for CRT 9021 
Compatibility Table 2A show the st ate of the video DATA 
(DATA = non inverted video; DATA = inverted video) and 
the value of the output attributes (BOLDO, HINTO) that can 
be applied to the video DATA as a function of the four input 
attributes. The BLINK = inputs in Table 2A result in a non- 
character blink display as compared to video DATA shown 
in Alternate Blink Combinations for CRT 9021 Compatibil- 
ity Table 2B. 



TABLE: 2B BLINK COMBINATIONS OPTION TABLE 



INPUTS 


CHARACTER 
BUNK 


OUTPUTS 


BUNK REVERSE BOLD! 


HINTI 




VIDEO 




WITHOUT 
CURSOR (1) 


BOLDO HINTO 






^^*_J B* 


-A* 1 B*_A*_I B* 


1 





DATAO 





1 


1 


DATAO 


11 


1 1 





DATAO 


11 


1 1 


1 


DATAO 


1111 


1 1 





DATA1 





1 1 


1 


DATA1 


11 


1 1 1 
1 1 1 




1 


DATA1 
DATA1 


110 
1111 



The Alternate Blink Combinations for CRT 9021 Com- 
patability Table 2B sho w the st ate of the video DATA (DATA 
= non inverted video; DATA = inverted video) during a 
character blink cycle (TIME A = OFF, TIME B = ON). The 
values of the output attributes (BOLDO, HINTO) that can 
be applied to the video DATA are determined by the state 
of the four input attributes. The BLINK = 1 inputs in Table 
2B result in a blinking character display as compared to the 
non-blinking video DATA shown in the Alternate Non-Blink 
Combinations for CRT Compatibility Table 2A. In this table, 
the BOLDO and HINTO attributes are controlled by the 
BOLDI and HINTI attributes making them truly general 
purpose. 

*TV^£i ^.iti. A. .^I~ t~-il..~ l-ti: — L ■'■'- -r^^ '■'■~ iU_ . .: J I liM-i- 

I ii€uuiy oyCre lut ii ic DiiiiK wiur reSptsui tu lllB viuuu, nilN I, 

BOLD is mask programmable with the following choices: 

A = 75% OR 50% B = 25% OR 50% (A + B must equal 
100%) 

(1 ) The combinations in Table 2 allow the user to define the 
cursor and the' character blink interaction. A non-blinking 
cursor adds one more inversion to either a non-blinking 
character or a blinking character. In both cases the char- 
acter blinks to the background video level. A blinking cursor 
overrides a character blink for the scan lines programmed 
for cursor A blinking cursor will introduce and then remove 
one more inversion to either a non-blinking cursor or a 
blinking character 



INPUTS 


VIDEO 


OUTPUTS 


BLINK 


REVERSE BOLDI 


HINTI 


BOLDO HINTO 




VIDEO 








G 


C u 





DATA 


u u 








1 


DATA 


1 





1 





DATA 


1 





1 


1 


DATA 


1 1 





1 





DSTO 








1 


1 


DATA 


1 





1 1 





DATS 


1 





1 1 


1 


DATA 


1 1 



The Non-blink Combinations for the Standard CRT 9041 
of Table 3A sh ows the state of the video data (DATA = non 
inverted video; DATA = inverted video) and the value of the 
output attributes (BOLDO, HINTO) that can be applied to 
the video DATA as a function of the four input attributes. 
The BLINK = inputs in Table 3A result in a non-character 
blink display as compared to video DATA shown in the Blink 
Combinations for the Standard CRT 9041 of Table SB. 



TABLE SB: BLINK COMBINATIONS FOR THE 
STANDARD CRT 9041 (CRT 9041-004) 



INPUTS 


N0N-CURS0R(2) 


OUTPUTS 


BUNK REVERSE BOLDI 


HINTI 


BOLDO HINTO 






_-A*_| B- 


_A'_ 1 B' _A* 1 B- 


1 





DATA DATA 


1 


1 


1 


DATA DATA 


111 


1 1 





DATA DATA 


10 


1 1 
1 1 
1 1 


1 


1 


DATA DATA 
DATA DATA 
DATA DATA 


10 10 
1 
111 


1 1 1 





DATA DATA 


10 


1 1 1 


1 


DATA DATA 


10 10 



The Blink Combinations for the Standard CRT 9041 of 
Table SB show s the s tate of the video DATA (DATA = non 
inverted video; DATA = inverted video) during a character 
blink cycle (TIME A = OFF, TIME B = ON). The values of 
the output attributes (BOLDO, HINTO) that can be applied 
to the video DATA are determined by the state of the four 
input attributes. The BLINK = 1 inputs in Table SB result in 
the blinking character display as compared to the non- 
blinking video DATA shown in the Non-Blink Combinations 
for the Standard CRT 9041 Table SA. Since 4 levels of video 
are possible. Table SB defines video blinking between 2 
video levels. This is shown by the explanation Table SC 
below. It should be noted that the designation NORMAL, V2 
INTENSITY, 3/4 INTENSITY and BOLD have been used 
arbitrarily. The actual video level caused by the BOLDO and 
HINTO are defined by the external video mixing circuit. 

TABLE 3C 



BOLDO 


HINTO 


INTENSITY 
LEVEL 


BLINK BETWEEN THESE 
2 LEVELS (OFF-ON) 
NON REVERSE REVERSE 
VIDEO VIDEO 





1 

1 



1 



1 


NORMAL (N) 
V2 INTENSITY 

(1/2) 

BOLD (B) 
3/4 INTENSITY 

(3/4) 


N - 1/2 N - V2 

1/2 - 3/, y^ . 3/, 

B-N B-N 
3/4 - N %-H 
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*The duty cycle for the blink with respect to the video, HINT, 
BOLD is mask programmable with the following choices: 

A = 75% OR 50% B = 25% OR 50% (A + B must equal 

100%) 
(2)The scan lines programmed for a non-blinking cursor 
force a non-blinking or blinking character to a normal video 
level and introduce one more level of inversion. A blinking 
cursor adds one more level of inversion to the video during 
the blink time to a non-blinking or blinking character. 



TABLE 4: CURSOR FORMATS 



CURSOR FORMATS 

Four cursor formats are possible with the CRT 9041 . If the 
parallel scan line input mode is used, one of four cursor for- 
mats may be selected as a mask programmed option for 
each cursor independently. If the serial scan line input is 
used, the cursor format is dynamically selectable on a 
character by character basis via input pins 21 and 19 (SL2/ 
BLC, SL3/BKC). See Table 4. The four cursor formats are 
as follows: 



Scan Line 
Input Mode 


(PIN21) 
SL2/BLC 


(PIN19) 
SL3/BKG 


Cursor Function 


Serial 


1 
1 






1 


1 


Underline 

Reverse Video Block 
Blinking Underline 
Blinking Reverse 
Video Block 


Parallel 


X 


X 


Mask programmable 
only 





DISPLAY MODES 

Inputs MSI and MSO select one of four display modes. All 
attributes except underline operate independent of the dis- 
play mode used. Figures 6a and 6b illustrate atypical CRT 
9041 configuration which operates in all display modes for 
the parallel and serial scan line modes respectively 



Underline - The cursor will appear as an underline. The 
position and width of the cursor underline is 
mask programmed. An underline cursor will 
add one more level of inversion to the video 
on the programmed scan line(s) for under- 
line cursor. 



Blinking 
Underline 



The cursor will appear as an underline and 
introduce and then remove one more level 
of inversion to the video on the programmed 
scan line(s) for cursor underline. The cursor 
blink rate and duty cycle is mask program- 
mable as outlined in Tables 1 , 2 or 3. 



- The cursor will appear as a reverse video 
block. The block cursor will add one more 
level of inversion to the video for all scan 
lines in the character cell. 



- The cursor will appear as a blinking reverse 
video block. The cursor will introduce and 
then remove one more level of inversion to 
the video for all scan lines in the character 
cell. The cursor blink rate and duty cycle is 
mask programmable as outlined in Tables 
1,2 or 3. 



In the parallel scan line mode it is possible to change the 
scan line count on a character by character basis. If the scan 
inputs are stable atimeTS2 (figure 2) prior to the next rising 
edge of the LD/SH input the scan line count will enter the 
delay latch of the CRT 9041 . In the serial scan line mode, it 
is possible to change the cursor format on a character by 
character basis with the timing identical to that described in 
the parallel scan line mode (TS2). This timing is shown in 
the AC timing diagram. Figure 2. 



Reverse 

Video 

Block 



Blinking 
Reverse 
Video 



MSI ,MSO = 00-Wide Graphics Mode. 

In this display mode, inputs D1 1 -D4 define 
a graphic entity as illustrated in Table 5. 
Note that individual bits in D11-D4 will 
illuminate particular portions of the char- 
acter block. Table 5 shows all program- 
ming ranges possible when defining the 
wide graphics boundaries. Only under- 
line 2 is possible in this display mode. 

MSI, MSO = 10-Thin Graphics Mode. 

In this display mode inputs D1 1-D4 define 
a graphic entity as illustrated in Table 6. 
Note that individual bits in D11-D4 will 
illuminate particular horizontal or vertical 
line segments within the character block. 
Table 6 shows all programming ranges 
possible when defining the thin graphics 
boundaries. Only underline 2 is possible 
in this display mode. 

MSI ,MSO = 01 -Character Mode without Underline 1 . 

In this display mode, inputs D11-D4 go 
directly from the input latch to the video 
shift register via the Attributes and 
Graphics Logic. This mode requires either 
a bit mapped system RAM (1 bit in RAM 
equals 1 pixel on the CRT) or a character 
generator as shown in Figures 6a and 6b. 
Underline 2 is available in this display 
mode. 



MSI ,MSO = 1 1 -Character Mode with Underline 1 . 

Same operation as MSI , MSO = 01 with 
the underline attribute byte appearing on 
the scan line(s) mask programmed. 
Underline 2 is available in this display 
mode. 
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TABLE 5: WIDE GRAPHICS MODE 

SL3-SL0ROW# C11 CIO C9 C8 C7 C6 C5 C4 C3 C2 CI CO BF BF.. 



0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 

1111 



RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

R10 

R11 

R12 

R13 

R14 

R15 



D11 



D10 



D9 



D8 



-W1- 



D7 
D6 



D5 



D4 



-WO- 



H3 



H2 

-i- 

H1 



HO 



HO, HI, H2, H3, WO, W1, are mask programmable. 
The values shown are for the CRT 9041-004. 



TABLE 6: THIN GRAPHICS MODE 



SL3-SL0ROW# C11 C10 C9 C8 C7 C6 C5 C4 C3 C2 CI CO BF BF 



0000 


RO 


0001 


R1 


0010 


R2 


0011 


R3 


0100 


R4 


0101 


R5 


0110 


R6 


0111 


R7 


1000 


R8 


1001 


R9 


1010 


RIO 


1011 


R11 


1100 


R12 


1101 


R13 


1110 


R14 


1111 


R15 



D11 



D8 



D6 



D9 



D4 



D5 



D7 



D10 



im 



I 



D4 
D5 
D10 
D11 



VERTICAL HEIGHT 



HORIZONTAL POSITION 



R0-R5 


PROGRAMMABLE 


R6-R15 


PROG R AMM ABLE 


R0-R15* 


PROGRAMMABLE 


R0-R15* 


PROGRAMMABLE 



D6 
D7 
D8 
D9 



HORIZONTAL LENGTH VERTICAL POSITION 



C11-C7 
C7-BF 
C11-BF* 
C11-BF* 



PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 



The height of D4 and D5, the length of D6 AND D7, and the position of 
D4-D11 are mask programmable. The values shown are for the CRT 9041-004. 
*These values are fixed 
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DOUBLE WIDTH MODE 



TABLE 7: PIN DEFINITION FOR PARALLEL 



In order to display double width characters, video must be 
shifted out at half frequency and the video shift registermust 
receive new information (parallel load) every other LD/SH 
input pulse. In order to divide the video dot clock (VDC) and 
the LD/SH pulse internally at the proper time, the cursor 
input should be pulsed during RETBL prior to the scan line 
to be displayed as double widjlr The CURSOR input must 
femaif>towlor5fRir«mufTief IkO/SH period frorntheJeadirig 
edge of RETBL. The CURSOR input can stay high for the 
entire RETBL time but should not extend into active video, 
if it does, a cursor will be displayed, it is assumed that the 
CRT controller knows when a particular scan line should be 
double width and it should activate the CURSOR in the 
manner just described. Double height/double width 
characters can also be displayed if the scan line count is 
incremented by the CRT controller every other scan line. 
Figure 5 illustrates timing for both single and double width 
modes. The CRT 9007, which supports double height 
double width characters, will produce the cursor signal as 
required by the CRT 9041 with no additional hardware. It 
should be noted that the XCURSOR input will not affect the 
double width logic on the CRT 9041 in any way 



SCAN LINE INPUT MODES 

Scan line information can be introduced into the CRT 9041 
in parallel 'format or serial. Table 7 illustrates the pin definition 
as a function of the scan line input mode. The CRT 9041 
will automatically recognize the scan line mode by observing 
the activity on pin 22. In parallel mode, this input will be active 
low for at least 1 scan line and_in serial mode this input will 
remain low for about 5 or 6 LD/SH periods. If pin 22 goes 
active low for less than seven but more than two continuous 
LD/SH per iods duri ng the last scan line that has an active 
low on the VSYNC input, the serial mode will be locked in 
for the next frame. The parallel scan line input mode will be 
selected for the next frame if the following two conditions 
occur during the VSYNC low time. First, at least one positive 
transition must occur qnpin 22 and second, pin 22 must be 
low for seven or more LD/SH periods. Refer to Figure 4 for 
timing details. Whenever the CRT 9041 detects a change 
of scan line modes (from parallel to serial or visa versa), the 
internal blink counter will be initialized to a known count 
value. This allows the user to achieve phase 
synchronization of the blink rates from two or more CRT 
9041 's. This is useful if one multiplexes alternate dots from 
two CRT 9041 's to double the allowable video dot rate. 



Scan Line 
Input Mode 


CRT 9041 Pins | 


23 


22 


21 


19 


Serial 


SLD 


SLG 


BLC 


BKC 


Parallel 


SLO 


SL1 


SL2 


SL3 





DOT STRETCH 

Dot stretch is a mechanism whereby a single illuminated 
dot will never stand alone in the video stream. This 
eliminates the intensity variation otherwise found between 
single and multiple dots by raising the intensity level of single 
dots up to the level of consecutively displayed dots. To 
accomplish this, each illuminated dot (represented by a logic 
"1 ") will be extended into the next dot position. The following 
example illustrates the dot stretch mechanism. 



Input bit pattern (D11 -DO) 
Output bit pattern 



100101 1001 00 
110111110110 



For reverse video, logic "0"'s are stretched (logic "1" 
represents the background of the reverse video character). 
The following example illustrates the mechanism in reverse 
video. 



Input bit pattern (D11 -DO) 
Reverse video pattern 
Output bit pattern 



01 001 1 001 000 
101 1 001 101 1 1 
10010001001 1 



In all cases, the next load of the shift register will always 
load the D1 1 bit to the output regardless of the value of the 
video output prior to the load. This dot stretch mechanism 
can be enabled on a character by character basis (or scan 
line by scan line) and is controlled by the DST input which 
is updated each LD/SH period. The dot stretch signal enters 
the CRT 9041 with the D11-D0 inputs. In all cases, backfill 
(BF) is not affected by the dot stretch input. 



BACKFILL 

Backfill is a mechanism that allows a character width of 
greater than 1 2 dots and provides dot information (usually 
blanks) for all dots beyond 12. The character width is defined 
by the period of the LD/SH input. For the character modes, 
backfill is added to the end of the character by two methods 
which are mask programmable. 

Method A- The backfill (BF) dots will be the same as 
the dot displayed in position C1 1 . 

Method B- The backfill (BF) dots will be the same as 
the dots displayed in position CO. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature in Range 0° C to + 70°C 

Storage Temperature Range - 55°c to + 1 50°C 

Lead Temperature (soldering, 10 sec.) + 325°C 

Positive Voltage on any Pin, with respect to ground + 8V 

Negative Voltage on any Pin, with respect to ground - 0.3V 

"Stresses above those listed may cause permanent damage to the device. This Is a stress rating only and functional operation of the device at these 
or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not be exceeded or 
device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. In addition, 
voltage transients on the AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°G, Vcc = +5V ±5%, unless other.viss noted) 



PARAMETER 



DC CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low Level V,,, 
High Level V|hi 
High Level V|H2 



OUTPUT VOLTAGE LEVELS 
Low Level Vol 
High Level Vqh 



INPUT LEAKAGE CURRENT 
Leakage Ili 
Leakage Il2 



INPUT CAPACITANCE 

C|N1 
C|N2 



POWER SUPPLY CURRENT 



AC CHARACTERISTICS 



MIN 



2.0 
4.3 



2.4 



TYP 



10 
35 
35 



95 



MAX 



0.8 



0.4 



10 
50 



UNIT 



|xA 
|xA 



mA 



COMMENTS 



ff^S^pNAR^ 



S2--»K^5lSS 



All inputs ©(cept VDC, LD/SH 
ForVDC, LD/SH input 



change.! 



loH = 0.4 mA 
loH = 100(xA 



0«V,N<V„; excluding_VDC, LD/SH 
O^ViN^V^; for VDC, LD/SH 



Excluding VDC, LD/SH 

LD/SH 

VDC 



PARAMETER 


MIN TYP 


MAX 


UNIT 


COMMENTS 


VDC 


1.0 




33.0 


MHZ 


CRT9041A 


1/tcYi VDC frequency 


1.0 




30.0 


MHZ 


CRT9041B 




1.0 




28.5 


MHZ 


CRT9041C 


tcKL VDC low 


10 






ns 




tcKH VDC high 


10 1 




ns 




tcKR VDC rise time 




10 


ns 


Measured from 10% to 90% points 


tcKF VDC fall time 






10 


ns 


Measured from 90% to 10% points 


LD/SH 












tcY2 


250 






ns 


CRT9041A(1) 




270 






ns 


CRT9041B(1) 




300 






ns 


CRT9041C(1) 


tsi 


7 






ns 




tH1 









ns 




INPUT SETUP AND HOLD 












Uo 


60 






ns 


nRT9n41Al _. _ -. 




80 






ns 


CRT9541B.™P^^^^^^'^^^' 
CRT9041C ^^^^^ 




110 






ns 




35 






ns 


For all other inputs except VDC, 
LD/SH, SLG, SLD, VSYNC 


tH2 


10 






ns 


For inputs SLG, SLD, VSYNC 











ns 


For all inputs except VDC, LD/SH, 
SLG, SLD, VSYNC 


MISCELLANEOUS TIMING 












tpD 






30 


ns 


CRT9041A 








33 


ns 


CRT9041 B 








35 


ns 


CRT9041C 


tow 


tcY2 











(1 ) When mask proyrammed for CRT 9021 compaiibiiity TCY2 will be siower 
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ALL INPUTS, 
(EXCEPT VDCLDSH) 






X 



V 



y. 



VDC 

VIDEO OR 

HINTO 

BOLDO 

GP10 

GP20 



X 



/ 



CURSOR 
(FOR DOUBLE WIDTH) 



/ 



FIGURE 2: CRT 9041 INPUT/OUTPUT TIMING 



\ 



LDSH 
SLG 

SLD — 
















ni 


u 


■ 


L 


L 


U 






' 




I 




FIGURES 


^ NOT USED BY CRT 9041 

: SERIAL SCAN LINE MODE TIMING 



LDSH 
VSYNC 

SL1 SLG ■ 



io~inrTinronnnnriririrTinrn^^ 
1 u — /"" \— iJ 



\ 



/ 



*\ 



-, ,--!-- -r- 

1,1 

I > I I 



-a II- 



V 



STABLE LOW & 7 LDSH 
1\ 



SETSERIAL 
SCAN LINE MODE 



SET PARALLEL 
SCAN LINE MODE 



1 I 

S! 
.IN 

FIGURE 4: SERIAL/PARALLEL SCAN LINE MODE SELECTION TIMING 
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CO 
00 



LD/SH 



RETBL 



D11-D0 
/NORMAL\ 
V WIDTH / 



D11-D0 
'DOUBIJ 
V WIDTH 



/DOUBLEN 
V WIDTH / 



DI11-D10 
/'NORMALN 

V WIDTH ) 

DI11-D10 
/DOUBLEN 

V WIDTH / 

VIDEO 
NORM/1 
. WIDTH 



/NORMALN 
\ WIDTH / 



VIDEO 
/DOUBLEN 
I. WIDTH / 

ATTRIBUTE IN' 
/'NORMALN 
V WIDTH / 

ATTRIBUTE OUT 



1^ U U U U U U U U U U [f 

I I I I < I I I • I I 

I I t I < I , < ■ I 

I ^ T \ \ !!!!!!! 

— ^ I . I I *■' « I il M ii»ili. I I I I I 



CHARN 



DC 



CHAR N/2 



DC 



CHAR 



I I I 

q^TiycHARNy X X 

' t I 



") (CHAR o)(CHAR l)(cHAR 2)(cHAR 3)(cHAR 4)(chlAR 5) ( 
11,1 X I , 

I I I I I I I 

') (CHAR0)( XX )(cHARiy XX )(cHAR 2)( ^XX ) (~ 

; I I I I I I 

yicHAR o)(cHAR I^CHAR 2yCHAR 3)(cHIAR 4^ " 

! ' ! ; ! I " I 



CHAR N/2 



I 



X 



CHARO 



X 



CHAR1 



J 



\_ 

CHAR 2 



VIDEO (N-2))(^(',^.^y )(viDEO n\ BLANKING 

III.' 
))( VIDEO N/2 \ 



VIDEO (N/2-1) 



BLANKING 



!/viDEO o)(viDEO l)^)lDEo'^(vi:)EO 3) (" 
I I I ; ; 

!/ VIDEO )( VIDE0 1 )(" 



XXX )( ATT ) ( ATT 1 )(1\TT 2 \ ATtT^ ATT 4 )( ATT 5 X^fT 6 ) (~ 

JN0RMAL\ INT(N-2))(rNT(N-1)y INTN~)( X X \ ATTO /"aTT 1 X ATT2X^rT3 / " 



ATTRIBUTE IN' 
/DOUBLEN 

V WIDTH / 
ATTRIBUTE OUT' 

/ DOUBLE \ 

V WIDTH ) 



" XaTToX XX VaTTiX XX yATT2X XX )(~^T3 



ATT( 



X 



ATT1 



X 



1 -Attributes include MSO, MSI , BLINK, CHABL, HINT, BOLD, REVID and XCURS 



FIGURE 5: CRT 9041 FUNCTIONAL I/O TIMING 



PROGRAM OPTIONS 

The CRT 9041 has a variety of mask programmed options. Tables 8 and 9 illustrate the range of these options for the wide 
and thin graphics modes respectively. Table 10 illustrates the range of the miscellaneous other mask programmed options. 
In addition, Tables 8, 9 and 1 show the mask programmed options for the CRT 9041 -004. 



TABLE 8: WIDE GRAPHICS 
MASK PROGRAMMING OPTIONS 



OPTION 


CHOICES 


CRT 9041-004 


Height of Graphic 
block* 

D11 ANDD7 

D10ANDD6 

D9 AND D5 

D8 AND D4 


any scan line(s) 
any scan line(s) 
any scan line(s) 
any scan line(s) 


R0,R1,R2 
R3,R4 
R5,R6 
R7thruR15 


Width of graphic 
block** 

D11,D10,D9,D8 


any consecutive 

dots 

C11 thru CO 


C11thruC7 


D7,D6,D5,D4 


all remaining dots 
not specified above 


C6 thru CO 
plus BF 



•Any graphic block pair can be removed by programming for zero scan 
lines. 

**Total number of dots for both must be equal to the total dots per char- 
acter with no overlap. D11,D10,D9 and D8 must always be to the left 
of D7-D4. 



WIDE GRAPHICS 



SL3-SL0ROW# C11 CIO C9 C8 C7 C6 C5 C4 C3 C2 CI CO BF BF 



0000 


RO 


0001 


R1 


0010 


R2 


0011 


R3 


0100 


R4 


0101 


R5 


0110 


R6 


0111 


R7 


1000 


R8 


1001 


R9 


1010 


RIO 


1011 


R11 


1100 


R12 


1101 


R13 


1110 


R14 


1111 


R15 



D11 



D10 



D9 



D8 



D7 



D6 



D5 



D4 



-wo- 



-wi- 



HO, HI , H2, H3, WO, W1 , are mask programmable. 
The values shown are for the CRT 9041-004. 
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TABLE 9: THIN GRAPHICS 
MASK PROGRAMMING OPTIONS 



OPTION 
Backfill 


CHOICES 


STANDARD CRT 9041-004 


any dot(s) within the pro- 






grammed D7 range to the right 






of the programmed column(s) 






forD11, 


CO 


Horizontal position for 






D6 and D7 


any scan iine(s) R0-R1 5 


R5 


D8 


anysc3nllne(s)R0-R15 


RO 


D9 


anyscanline(s)R0-R15 


R9 


Horizontal length for 






D6(1) 


any consecutive dots 


C1 1 thru C7 


D7(1) 


all dots not covered by D6 with 






one dot overlapping. 


C7thruBF 


Blanked dots for serrated horizontal lines 




D6 


any dot(s), BF programmed 


none 


D7 


any dot(s), BF programmed 


none 


D8,D9 


any dot(s), BF programmed 


none 


Vertical position for: 






D4 and D5 


anydot(s)C11-C0,BF 


C7 


D10(2) 


anydot(s)ClO-CO,BF 


C3 


D11(2) 


anydot(s)C11-C0 


C11 


Vertical length for: 






D4 


any scan line(s) 


RO thru R5 


D5 


any scan lines not in D4 


R6thruR15 


D10 


no choice; always RO thru R1 5 


ROthruRIS 


D11 


no choice; always RO thru R1 5 


R0thruR15 



(1 ) D6 and D7 must always overlap by 1 dot. This overlap may be blanked by specifying the proper column(s) in the serration 
program line. D7 must always be to the right of D6. 

(2) D1 1 must always come before D1 with no overlap: otherwise D1 is lost. 



THIN GRAPHICS 



SL3-SL0ROW# Oil C10 C9 C8 C7 C6 C5 04 C3 02 01 CO BF BF . 



0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 

1111 



RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

R9 

RIO 

R11 

R12 

R13 

R14 

R15 





D8 1 


j 


D11 


D4 


D10 




D6 


D7 








D5 










D9 























3 

I 
I 

I 

— I 
I 

I 

I 





VERTICAL HEIGHT 


HORIZONTAL POSITION 


D4 
D5 
D10 
D11 


R0-R5 
R6-R15 
R0-R15.- 
R0-R15* 


PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 




HORIZONTAL LENGTH 


VERTICAL POSITION 


D6 
D7 
D8 
D9 


C11-C7 
C7-BF 
C11-BF- 
C11-BF' 


PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 
PROGRAMMABLE 



The height of D4 and D5, the length of D6 AND D7, and the position of 
D4-D11 are mask programmable, The values shown are for the CRT 9041-004. 
'These values are fixed 
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TABLE 10: MISCELLANEOUS MASK PROGRAMMING OPTIONS 



OPTION 


CHOICES 


"STANDARD" CRT 9041-004 


Backfill in character mode 


C1 1 or CO 


C11 


Character blink rate 

(division of VSYNC frequency) 


7.5 Hz to 0.5 Hz (1)(1) 


1.25Hz (1) 


Cursor blink rate (2) 


same as, half, or twice the charac- 
ter blink rate 


2.50 Hz (1) 


Character blink duty cycle 


50/50 or 75/25 


50/50 


Cursor Mfik dtrty oyete 


50/50 or 75/25 


50/50 


Character underline 1 position 


any scan line(s) RO thru R15 


R8 


Character underline 2 position 


any scan line(s) RO thru R15 


RIO 


Cursor underline position 


any scan line(s) RO thru R15 


R9 


Extra cursor underline position 


any scan line(s) RO thru R15 


R11 


Cursor format (3) 


underline 
blinking underline 
reverse video block 
blinking reverse video block 


blinking reverse 
video block 


Extra cursor format (3) 


underline 
blinking underline 
reverse video block 
blinking reverse video block 


blinking 
underline 


Blink table 


Table 1 
Table 2 
Table 3 


Table 3 


CURSOR or XCURSOR effect on 
SOLDO and HINTO 


no effect or force to zero at cursor 
position 


force to zero at cursor position. 



(1) Assumes VSYNC input frequency of 60 HZ. 

(2) Valid only if the cursor is formatted to blink. 

(3) Valid for the parallel scan line mode only 



SINGLE ROW 
BUFFER 



DOUBLE ROW 
BUFFER 



^S 



^ 



THREE 
STATE 
DRIVER 



i> 



_f^ 



CHARACTER 
ROM 



iz 



^ 



VSYNC - 

RETBL - 

CURSOR- 



^ 



CRT 9041 
VAC 



VSYNC 
RETBL 


VIDEO 
HINTO 


CURSOR 


BOLDO 


MSO 




MSI 




BLINK 




CHABL 




HINTl 




SOLDI 





RS 

XCURS/GP11 
UL2/GP2I 
REVID 
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FIGURE 6a: CRT 9041 SYSTEM CONFIGURATION IN 
PARALLEL SCAN LINE MODE 
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• VIDEO 
TO MONITOR 



FIGURE 6b: CRT 9041 SYSTEM CONFIGURATION IN 
SERIAL SCAN LINE MODE 



STANDJ^D MICROSYSTEMS 
CORPORATTONi 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others, SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION. 




CRT 9212 

(XPC FAMILY 



Double Row Buffer 
DRB 



FEATURES 

D Low Cost Solution to CRT Memory 
Contention Problem 

n Provides Enhanced Processor Throughput for 
CRT Display Systems 

D Replaces Shift Registers or Several RAM and 
Counter IC's in CRT Display System 

D Permits Display of One Data Row While Next 
Data Row is Being Loaded 

D Data May be Written into Buffer at Less Than 
the Video Painting Rate 

D Double Data Row Buffer Permits Second Data 
Row to be Loaded Anytime during the Display 
of the Preceding Data Row 

□ Permits Active Video on All Scan Lines of 
Data Row 

n Dynamically Variable Number of Characters 
per Data Row— ...64, 80, 132,... up to 
a Maximum of 135 

D Cascadable for Data Rows Greater than 
135 Characters 

D Stackable for "Invisible Attributes" 
or Character Widths of Greater than 8 Bits 



PIN CONFIGURATION 


DIN2 1 n. 

DIN1 2c: 

DINO 3C 

D0UT7 4^ 

D0UT6 5 [2 

D0UT5 6 c: 

D0UT4 7^ 

Vcc 8q 

D0UT3 9 c 

D0UT2 lOQ 

D0UT1 1 1 c 

DOUT0 12C:; 

DIN7 13C 

DIN6 MC 


W 


D 28 DINS 
ZJ 27 WCLK 
ZJ26 OE 
ZJ 25 WEN2 
■;;j 24 WEN1 
Zl 23 GND 
Zl 22 ROF 
■;;j 21 WOF 
:j 20 REN 






^ 19 CLRCNT 
■^J 18 TOG 
::]17 RCLK 
I] 16 DIN4 
ID 15 DIN5 


PACKAGE 28-pin D.I. P. 



n Three-State Outputs 

n Up to 4 MHz Read/Write Data Rate 

n Compatible with SMC CRT 5037, CRT 9007, 
and other CRT Controllers 

n 28 Pin Dual-ln-Line Package 

D + 5 Volt Only Power Supply 

n TTL Compatible 



GENERAL DESCRIPTION 



The CRT 9212 Double Row Buffer (DRB) provides 
a low cost solution to memory contention between the 
system processor and the CRT controller in video dis- 
play systems. 

The CRT 9212 DRB is a RAM-based buffer which 
provides two rows of buffering. It appears to the sys- 
tem as two octal shift registers of dynamically vari- 
able length (2-135 bytes) plus steering logic. 

The CRT 921 2 permits the loading of one data row 



while the previous data row is being displayed. The 
loading of data may take place during any of the scan 
line times of the data row. This relaxed time-con- 
straint allows the processor to perform additional 
processing on the data or service other high priority 
interrupt conditions (such as a Floppy Disk DMA 
request) which may occur during a single video scan 
line. The result is enhanced processor throughput and 
flicker-free display of data. 
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^ 



z\ 



iz 



I/O CONTROL 



■N 
V 



I/O CONTROL 



ADDR7 







Z^ 



Iz 



RAM 2 
135x8 



FIGURE 1: 

CRT 9212 DOUBLE ROW BUFFER BLOCK DIAGRAM 
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CLRCNT 
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INTERNAL 
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J 
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HIGH IMPEDANCE 



^DATAO ]( DATA1 )( DATA2 )( |' )(dATA132)(dATA133)(dATA134^ 
: >i I 



HIGH IMPEDANCE 



FIGURE 2: CRT 9212 DOUBLE ROW BUFFER READ TIMING 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


3-0, 28, 
16-13 


Data inputs 


DIN0-DIN7 


DIN0-DIN7 are the data inputs from the system memory 


12-9,7-4 


Data outputs 


DOUTO- 
D0UT7 


DOUT0-DOUT7 are the data outputs from the CRT 9212 internal data output 
latch. Valid information will appear on DOUT0-DOUT7 two RCLK periods after 
the rising edge of REN. This introduces two pipeline delays when supplying data 
to the character generator. 


17 


Read Clock 


RCLK 


RCLK increments the current "read" address register, clocks data through the 
"read" buffer and moves data through the internal pipeline at the trailing edge. 


18 


Toggle Signal 


TOG 


TOG alternates the function of each buffer between read and write. TOG nor- 
mally occurs at every data row boundary Switching of the buffers occurs when 
both TOG and CLRCNT are low 


19 


Clear Counter 


CLRCNT 


Clear Counter clears the current "read" address counter at the next RCLK posi- 
tive edge. CLRCNT is normally asserted low at the beqinninq of each horizontal 


retrace interval. CLRCNT clears the current "write" address counter when the 
TOG is active. 


20 


Read Enable 


REN 


REN enables the loadinq of data from the selected "read" buffer into the output 
latch. Data is loaded when Read Clock is active. 


21 


Write Overflow 


WOF 


WOF high indicates that data is being written into the last memory position (posi- 
tion 135). When WOF is high, further writing into the selected "write" buffer is dis- 
abled. WOF may be connected to the WEN1 or WEN2 inputs of a second CRT 
921 2 for cascaded operation where data row lengths of greater than 1 35 charac- 
ters are desired. See figure 4. 


22 


Read Overflow 


ROF 


The Read Overflow output is high when data is being read from the last memory 
position (position 135). ROF high disables further reading from the selected 
"read" buffer ROF may be connected to the REN input of a second CRT 9212 for 
cascaded operation where data row lengths of greater than 1 35 characters are 
desired. DOUTO-7 will switch into a high impedance state at the second positive 
transition of RCLK after ROF goes high. See figure 4. 


24,25 


Write Enable 


WEN1, 
WEN 2 


WEN allows input data to be written into the selected "write" buffer during WCLK 
active. Both WEN1 and WEN 2 must be high to enable writing. WEN1 has an 
internal pullup resistor allowing it to assume a high if pin 24 is left open. 


26 


Output Enable 


DE 


When the OE input is low, the data outputs DOUT0-DOUT7 are enabled. When 
UE is high, DOUT0-DOUT7 present a high impedance state. UE has an internal 
pulldown resistor allowing it to assume a low if pin 26 is left open. 


27 


Write Clock 


WCLK 


WCLK clocks input data into the selected "write" buffer and increments the cur- 
rent "write" address register when WEN1 and WEN2 are high. 


8 


Power Supply 


Vcc 


+ 5 Volt supply 


23 


Ground 


GND 


Ground 



OPERATION 



Figure 1 illustrates the internal architecture of the CRT 
9212. It contains 135 bytes of RAM in each of Its two buff- 
ers. In normal operation, data is written into the inp ut latch 
on the positive-going edge of Write Clock (WCLK). When 
both W rite Enable (WEN1 , WEN 2) signals go high, the next 
WCLK causes data from the input latch to be written into 
the selected buffer (1 or 2) and the associated address 
counter to be incremented by one. Loading of the selected 
RAM buffer continues until WEN goes Inactive dr until the 
buff er has been fu ll y load ed. At the next data row boundary, 
t he Toggle Signal (TOG) will go low. Wh e n Clea r Counter 
(CLRCNT) goes low, the next Read Clock (RCLK) will begin 
to reset both buffer address counters to zero, switching the 
buffer just loaded from a "write buffer" to a "read buffer", 
permitting the next row of data to be written Into the other 
buffer. Data from the current "read" buffer is read out of the 
buffer and to the output latch wheneve r Read Enable (REN) 
is high during a Read Clock (RCLK). Each read-out from 



the buffer RAM causes the "read" address counter to be 
incremented. REN is normally high during the entire visible 
line time of each scan line of the data row. CLRCNT resets 
the prese nt "read" address counter. The negative edge of 
CLRCNT Is detected by the CRT 921 2 and the inter nal "read" 
address counter is cleared Independent of the CLRCNT 
pulse width. The CLRCNT Input may be tied to the REN 
input for proper operation. 

Figures 2 and 3 illustrate the functional timing for reading 
and writing the CRT 9212. It is possible to cascade two or 
more CRT 921 2's to allow for data storage greater than 1 35 
bytes by employing the read overflow (ROF) and write 
overflow (WOF) outputs. Figure 4 Illustrates two CRT 921 2's 
cascaded together. 

The CRT 9212 is compatible with the CRT 9007 video 
processor and controller (VPAC™) and the CRT 8002 video 
display attributes controller (VDAC™). A typical video 
configuration employing the three parts is illustrated in 
figure 5. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55°C to + 1 50°C 

Lead Temperature (soldering, lOsec.) +325°C 

Positive Voltage on any Pin, with respect to ground + 8.0V 

Negative Voltage on any Pin, with respect to ground - 0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at tnese or at any otner conanion aoove tnose inoicatea In ine operational sections ot this specirication is not implied. 



ELECTRICAL CHARACTERISTICS (T^ = 0°C to 70°C, Vcc = + 5V ± 5%) 



PARAMETER 


MIN 


TYP 


MAX 


UNITS 


COMMENTS 


DC CHARACTERISTICS 

INPUT VOLTAGE LEVELS 
Low Level V,l 


2.0 
4.2 




0.8 


V 
V 
V 




High Level Vih, 
High Level Vih2 


excluding RCLK; WCLK 
RCLK, WCLK 


OUTPUT VOLTAGE LEVELS 
Low Level Vol 
High Level Vqh 


2.4 




0.4 


V 
V 




INPUT LEAKAGE CURRENT 
High Leakage Lhi 
Low Leakage lu., 
High Leakage km 
Low Leakage \u^ 






10 

10 

400 

400 


HA 
(jlA 
PlA 
(jlA 


excluding UE 
excluding WEN1 
WEN1 
DE 


INPUT CAPACITANCE 




10 
15 




PF 




C|N1 
C|N2 


excluding RCLK, WCLK 
RCLK, WCLK 


POWER SUPPLY CURRENT 

Ice 




100 




mA 





AC CHARACTERISTICS' 



tcvw 


300 






ns 


Write clock period 


tcVT, 


300 






ns 


Read clock period 


tcKH 


247 




DC 


ns 




ICKL 


33 






ns 




tcKR 


1 


10 


ns 


measured from 10% to 90% points 


tcKP 






10 


ns 


measured from 90% to 10% points 


tos 


50 






ns 


referenced to WCLK 


toH 









ns 


referenced to WCLK 


tENl2 









ns 




tEN22 


100 






ns 




teNH^ 







175 


ns 
ns 




tov 


Cl = 50 pF; referenced from RCLK 


*DOFF 






175 


ns 




Idon 






175 


ns 




t0F3 






175 


ns 


Cl = 30 pF 


tcs 


100 






ns 




tcH 









ns 




twf 




ItcYW 









1 - Reference points for all A C param eters are 2.4V high and 0.4V low. 

2 - For REN, referenced from RClK ; for WEN1 or WEN2 refer enced t o WCCK. 

3 - For ROF, referenced from RCLK; for WOF refere nced from W CLK. 

4 - At least 1 WCLK rising edge must occur between CLRCNT or TOG (whichever occurs last) and WEN ( = WEN1 -WEN2). 
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FIGURE 5: CRT 9212 CONFIGURED WITH THE CRT 9007 VPAC AND THE CRT 8002 VDAC^ 



RCLK OR WCLK 



DIN7-0 



REN, WEN 1,2 



DOUT7-0 



Ids 
>« — ► 



=/ 



■ ICYW. *C 



K 



VALID DATA 



OE 



WOF, ROF 



CLRCNT OR TOG 
WEN 1,2 



*ENH 
< »" 



K. 



-tov * 



)j >ALIDDATAOUT) j ,^^^^^, C 



/ ^. 



-W •- 



y' 



J 



FIGURE 6: CRT 9212 I/O TIMING 
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WCLK* 

RCLK* 
TOG 



• ~Lrir^jrirnj~Lrij^jr^rii~ir"ij~^r^r 



^. 



imi 

BUFFERS -»- 
SWAPPED 



CLRCNT 



READ 

ADDR 

CLEARED 



r-ir 



INTERNAL 77 
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(WRITE) LL 
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(= WEN1-WEN2) 



INTERNAL 
WEN 



mm 



ADDRO Y ADDR 1 Y ADDR 2 Y j^DDR13^ 



/ 



A f 



I 



\ r 



WMSsE^^^EEmiM^^J^BCJ^^ 



INTERNAL 
WRITE DATA 



JE^^IIEEMMH^^E£:us^BL 



■Dr 



I 



' in general WCLK and RCLK can be different 

FIGURE 3: CRT 9212 DOUBLE ROW BUFFER WRITE TIMING 
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FIGURE 4: CRT 9212 CASCADED CONFIGURATION 
FOR DATA ROW LENGTHS UP TO 270 CHARACTERS 
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Floppy Disk/Hard Disk 





HidibiiJi-iiHSSv-iiKHissSsiiHsiBinMwJHMisKsaiSS^ 


Sector/ 
Format 


Density 


^ 


Side Select 


Power 
SuppUes 


PacJtage 


Page 


Niunber 


ililii liiiiiiijilii ill iiiiiS 


PDC765A 


Floppy Disk Controller/Formatter 


Soft 


Double 


True 


Mml^SmM 


+ 5 


40 DIP 


391-406 


FLC1791 


Floppy Disk ControUer/Formatter 


Soft 


Double 


iiiiefi^ii 


ililiiiiiiil 


+ 5, +12 


40 DIP 


407-422 


FDC1793 


^Siii^i^iSSSPilliiitt^^ 


Soft 


Double 


True 


No 


+ 5, +12 


40 DIP 


407-422 


FDC1795 


mMmmmmmmi^i^mMm 


Soft 


Double 


Inverted 


MmmSm. 


+ 5. +12 


40 DIP 


407-422 


FDC1797 


Wim&l^^iM^&^s^MSMMi\ 


Soft 


Double 


True 


ilililiSiiiS 


+ 5, +12 


40 DIP 


407-422 


FDC7265 


giiPi(jii§iii||||lliii||||i 


llilllii 


Double 


ISiiSiiB 


jllllll 


iiliilili 


iliiiiiSi 

M3Bfmsm 


391-406 




m&^^mmmmmmmmmmm 


FDC9216. B 


ilEQpipiii3SitS^S^Sei>iffii&Kifi;^^ 


Soft-Hard 


Double 


WS&mit 


wmmsmi 


+ 5 


8 DIP 


423-426 


FIJC9229T'BT 




illlillii 


Double 




ililijilllil 


Iiliiiil 


jlliji 


427-434 


msBWXhMBii 


;;~i;!Sii;Sii!;:Hi;p™: 


FDC9239T-BT 


Igi^lii^iilSfiilllil 


Igiiiipf 


Double 


iiliiiil 


■HI 


liiiliii 


llliii 


435-442 




ijsSii3sfE^<att^iMitig^ 


FDC9266 


'^^^^i^^^iggSuSi 


iiililiili 


Double 


iillliili i 


liiiliiii: 

§Pi illiiii 


m 


liiii 


443-458 


ii;iillite 








FDC9791 


Floppy Disk ControUer/Formatter 


Soft 


Double 


Inverted 


mwMmmB 


+ 5 


40 DIP 


459-474 


F"DC9793 


g(iii^Sifci0HliililS 


WMiSi&^Wb. 


Double 


True 


No 




40 DIP 


459-474 


FDC9795 


Floppy Disk ControUer/Formatter 


Soft 


Double 


Inverted 


ttiilfiSiili 




40 DIP 


459-474 


FDC9797 


m^M w&^mm^mM^^m^ 


Soft 


Double 


True 




+ 5 


40 DIP 


459-474 


HDC7261-^- 


WMmmmmMXiSSsm 


Soft/Hard 


Double 


True 


wmmim 


+ 5 


40 DIP 


495-496 


HDC9224 




(ST-506) 


Double 


illiiii! 


lilBlli- 


iiiliiiii 


iiiliiiii 


497-532 


HDC9225 


Disk Biiffer Management Unit 


ST-506 


Double 


True 


mmmm 


+ 5 


48 DIP 


533-544 


HDC9226 


Hard Disk Data Separator 


ST-506 


Double 


NA 


NA 


+ 5 


24 DIP 


545-552 



c2)Por future release 
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STANDARD MICROSYSTEMS 
CORPORATION^ 




FDC 765A 
FDC 7265 



Single/Double Density Floppy Disk Controller 



FEATURES 

D IBM Compatible in both Single and Double Density 

Recording Formats (FDC765A) 
D Sony (EMCA) Compatible Recording Format 

(FDC7265) 
D Programmable Data Record Lengths: 128, 256, 512, or 

1024 Bytes/Sector 
D Multi-Sector and Multi-Track Transfer Capability 
D Drive Up to 4 Floppy Disks 
D Data Scan Capability — will scan a Single Sector or an 

entire cylinder's worth of data fields, comparing on a 

Byte by Byte Basis, data in the Processor's Memory 

with data read from the Diskette 
D Data Transfers in DMA or Non-DMA Mode 
D Parallel Seek Operations on up to four drives 
D Compatible with Most Microprocessors 
D Single Phase 8 MHz Clock 
D Single + 5 Volt Power Supply 
D COPLAMOS® n-Channel Silicon Gate Technology 
D Available in 40-Pin Dual-in-Line Package 



PIN CONFIGURATION 










V^ 




RESET 1 C 




D40 Vcc 


RD 2C 




D 39 RW/SEEK 


WR 3C 




338 LCT/DIR 


CS 4C 




337 FR/STP 


Ao 5C 




3 36 HDL 


DBo 6C 




] 35 RDY 


DB, 7C 




3 34 WP/TS 


DBs 8C 




D 33 FLT/TRo 


DB3 9C 
DB4 10 C 




3 32 PSo 
D31 PS, 








DB5 11 c 








2 30 WDA 


DBe 12 c 
DB7 13 C 








D29 USo 
D28 US, 




DRQ 14 C 




3 27 HD 


DACK 15 C 




3 26 MFM 


TC 16 C 




3 25 WE 


IDX 17 C 




3 24 VCO 


INT 18 C 




3 23 RD 


CLK 19 C 




3 22 RDW 


GND 20 Z 




J 21 WOK 


PACKAGE: 40-pin D.I.P. | 



GENERAL DESCRIPTION 



The FDC765 is an LSI Floppy Disk Controller (FDC) Chip, 
which contains the circuitry and control functions for inter- 
facing a porocessor to 4 Floppy Disk Drives. It is capable of 
supporting either IBM 3740 single density format (FM), or 
IBM System 34 Double Density format (MFM) including 
double sided recording. The FDC765 provides control sig- 
nals which simplify the design of an external phase locked 
loop, and write precompensation circuitry. The FDC sim- 
plifies and handles most of the burdens associated with 
implementing a Floppy Disk Interface. 

The FDC7265 is an addition to the FDC family that has been 
designed specifically for the Sony Micro Floppydisk® drive. 
The FDC7265 is pin-compatible and electrically equivalent 
to the 765A but utilizes the Sony recording format. The 
FDC7265 can read a diskette that has been formatted by 
the FDC765A. 

Hand-shaking signals are provided in the FDC765/ 
FDC7265 which make DMA operation easy to incorporate 
with the aid of an external DMA Controller chip. The FDC 
will operate in either DMA or Non-DMA mode. In the Non- 
DMA mode, the FDC generates interrupts to the processor 
every time a data byte is available. In the DMA mode, the 
processor need only load the command into the FDC and 
all data transfers occur under control of the FDC765/ 



FDC7265 and DMA controller 

There are 15 separate commands which the FDC765/ 
FDC7265 will execute. Each of these commands requires 
multiple 8-bit bytes to fully specify the operation which the 
processor wishes the FDC to perform. The following com- 
mands are available: 



Read Data 

Read ID 

Read Deleted Data 

Read a Track 

Scan Equal 

Scan High or Equal 

Scan Low or Equal 

Specify 



Write Data 

Format a Track 

Write Deleted Data 

Seek 

Recalibrate (Restore to Track 0) 

Sense Interrupt Status 

Sense Drive Status 



Address mark detection circuitry is internal to the FDC 
which simplifies the phase locked loop and read electron- 
ics. The track stepping rate, head load time, and head 
unload time may be programmed by the user. The FDC765/ 
FDC7265 offers many additional features such as multiple 
sector transfers in both read and write with a single com- 
mand, and full IBM compatibility in both single and double 
density models. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN 


INPUT/ 
OUTPUT 


CONNECTION 
TO 


FUNCTION 


NO. 


SYMBOL 


NAME 


1 


RSI 


Reset 


Input 


Processor 


Places FDC in idle state. Resets 
output lines to FDD to "0" (low). 
Does not effect SRT, HUT or HLT 
in Specify command. If RDY pin is 
held high during Reset, FDC will 
generate interrupt 1 .024 ms later. 

To clear this interrupt use Sense 

Interrupt Status command. 


2 


RD 


Read 


Input® 


Processor 


Control signal for transfer of data 
from FDC to Data Bus, when 
"0" (low). 


3 


WR 


Write 


Input® 


Processor 


Control signal for transfer of data to 
FDC via Data Bus, when "0" (low). 


4 


CS 


Chip Select 


Input 


Processor 


IC selected when "0" (low), 
allowing RD and WR to be 
enabled. 


5 


Ao 


Data/Status Reg 
Select 


Input® 


Processor 


Selects Data Reg (Ao = 1) or 
Status Reg (Ao = 0) contents of 
the FDC to be sent to Data Bus. 


6-13 


DB0-DB7 


Data Bus 


Input® 
Output 


Processor 


Bi-Directional 8-Bit Data Bus. 


14 


DRQ 


Data DMA 
Request 


Output 


DMA 


DMA Request is being made by 
FDC when DRW = "1'. 


15 


DACK 


DMA 
Acknowledge 


Input 


DMA 


DMA cycle is active when "0" (low) 
and Controller is performing DMA 
transfer. 


1 16 


TC 


Terminal Count 


Input 


DMA 


Indicates the termination of a DMA 
transfer when "1" (high). It 
terminates data transfer during 
Read/Write/Scan command in 
DMA or interrupt mode. 


17 


IDX 


Index 


Input 


FDD 


Indicates the beginning of a disk 
track. 


18 


INT 


Interrupt 


Output 


Processor 


Interrupt Request Generated by 
FDC. 


19 


CLK 


Clock 


Input 




Single Phase 8 MHz Squarewave 
Clock. 


20 


GND 


Ground 




D.C. Power Return. 


21 


WCK 


Write Clock 


Input 


Write data rate to FDD. FM = 500 
kHz, MFM = 1 MHz, with a pulse 
width of 250 ns for both FM and 
MFM. 


22 


ROW 


Read Data 
Window 


Input 


Phase Lock Loop 


Generated by PLL, and used to 
sample data from FDD. 


23 


RDD 


Read Data 


Input 


FDD 


Read data from FDD, containing 
clock and data bits. 


24 


VCO 


VCO Sync 


Output 


Phase Lock Loop 


Inhibits VCO in PLL when "0" 
(low), enables VCO when "1 ." 


25 


WE 


Write Enable 


Output 


FDD 


Enables write data into FDD. 


26 


MFM 


MFM Mode 


Output 


Phase Lock Loop 


MFM mode when "1 ," FM mode 
when "0." 


27 


HD 


Head Select 


Output 


FDD 


Head 1 selected when "1" (high). 
Head 2 selected when "0" (low). 


28,29 


US,, USo 


Unit Select 


Output 


FDD 


FDD Unit Selected. 


30 


WDA 


Write Data 


Output 


FDD 


Serial clock and data bits to FDD. 


31,32 


PS„ PSo 


Precompensation 
(pre-shift) 


Output 


FDD 


Write precompensation status 
during MFM mode. Determines 
early, late, and normal times. 


33 


FLT/TRo 


Fault/Track 


Input 


FDD 


Senses FDD fault condition, in 
; Read/Write mode; and Track 
', condition in Seek mode. 


34 


WP/TS 


Write Protect/ 
Two-Side 


Input 


FDD 


: Senses Write Protect status in 
1 Read/Write mode; and Two Side 
Media in Seek mode. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN 


INPUT/ 
OUTPUT 


CONNECTION 
TO 


FUNCTION 


NO. 


SYMBOL 


NAME 


35 


RDY 


Ready 


Input 


FDD 


Indicates FDD is ready to send or 


36 


HDL 


Head Load 


Output 


FDD 


Command which causes read/ 
write head in FDD to contact 
diskette. 


37 


FR/STP 


Fit Reset/Stop 


Output 


FDD 


Resets fault RR in FDD in Read/ 
Write mode, contains stop pulses 
to move head to another cylinder in 
Seek mode. 


38 


LCT/DIR 


Low Current/ 
Direction 


Output 


FDD 


Lowers Write current on inner 
tracks in Read/Write mode, 
determines direction head will stop 
in Seek mode. A fault reset pulse is 
issued at the beginning of each 
Read or Write command prior to 
the occurrence of the Head Load 
signal. 


39 


RW/SEEK 


Read Write/SEEK 


Output 


FDD 


When "1" (high) Seek mode 
selected and when "0" (low) Read/ 
Write mode selected. 


40 


Vcc 


+ 5V 






DC Power. 



Note: © Disabled when CS = 1. 



DESCRIPTION OF INTERNAL REGISTERS 

The FDC765A/7265 contains two registers which may be 
accessed by the main system processor; a Status Register 
and a Data Register. The 8-bit Main Status Register con- 
tains the status information of the FDC, and may be 
accessed at any time. The 8-bit Data Register (actually 
consists of several registers in a stack with only one register 
presented to the data bus at a time), which stores data, 
commands, parameters, and FDD status information. Data 
bytes are read out of, or written into, the Data Register in 
order to program or obtain the results after a particular com- 
mand. The Status Register may only be read and used to 



facilitate the transfer of data between the processor and 
FDC. 

The relationship between the Status/Data registers and the 
signals RD, WR, and Aq is shown below. 



Ao 


RD 


WR 


FUNCTION 








1 


Read Main Status Register 





1 





Illegal 











Illegal 


1 








Illegal 


1 





1 


Read from Data Register 


1 


1 





Write into Data Register 



The bits in the Main Status Register are defined as follows: 



I BIT NUMBER 1 NAME 


SYMBOL 


DESCRIPTION 


DBo ! FDD Busy 

1 


DoB 


FDD number is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 


DO, 


FDD 1 Busy 


D,B 


FDD number 1 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 


DBs 


FDD 2 Busy 


D^B 


FDD number 2 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 


DB3 


FDD 3 Busy 


D3B 


FDD number 3 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 


DB4 


FDC Busy 


CB 


A read or write command is in process. FDC will not accept 
any other command. 


DBs 


Execution Mode 


EXM 


This bit is set only during execution phase in non-DMA mode. 
When DB5 goes iow, execution phase has ended, and result 
phase was started. It operates only during NON-DMA mode 
of operation. 


DBe 


Data Input/Output 


DIO 


Indicates direction of data transfer between FDC and Data 
Register If DIO = "1" then transfer is from Data Register to 
the Processor If DIO = "0", then transfer is from the 
Processor to Data Register. 


DB, 


Request for Master 


ROM 


Indicates Data Register is ready to send or receive data to or 
from the Processor Both bits DIO and ROM should be used 
to perform the hand-shaking functions of "ready" and 
"direction" to the processor. 



The DIO and ROM bits in the Status Register indicate when Data is ready and in which direction data will be transferred on the Data 
Bus. The max time between the last RD or WR during command or result phase and DIO and ROM getting set or reset is 12 us. For 
this reason every time Main Status Register is read the CPU should wait 12 (xs. The max time from the trailing edge of the last RD in 
the result phase to when DB^ (FDC Busy) goes low is 12 |jls. 
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Data in/Out Out Processor and Into FDC 


Out FDC and Into Processor 


Ready 
P^uestforMaster j ^^ 
i Ready 




1 1 
1 1 


u 

1 1 
1 1 
1 1 


1 1 1 1 1 1 


"^ ! U 1 


U 1 


I 1 Mi i 


"° 1 1 1 1 1 
III II 


1 1 III 1 


|A|Bl 


A |B| A 


c 1 D 1 c |d|b| a 1 


Notes: [X| —Data register ready to be written into by processor 

[b] —Data register not ready to be written into by processor 

fcl —Data register ready for next data byte to be read by the processor 

[d] —Data register not ready for next data byte to be read by processor 



COMMAND SEQUENCE 

The FDC is capable of performing 15 different commands. 
Each command is initiated by a multi-byte transfer from the 
processor, and the result after execution of the command 
may also be a multi-byte transfer back to the processor. 
Because of this multi-byte interchange of information 
between the FDC and the processor, it is convenient to con- 
sider each command as consisting of three phases: 



Command Phase: 



Execution Phase: 
Result Phase: 



The FDC receives all information 
required to perform a particular 
operatbn from the processor. 
The FDC performs the operation 
it was instructed to do. 
After completion of the operation, 
status and other housekeeping 
information are made available to 
the processor. 



COMMAND SYMBOL DESCRIPTION 



SYMBOL 


NAME 


DESCRIPTION 


Ao 


Address Line 


Ao controls selection of Main Status Register (Ao = 0) or Data Register 
(Ao = 1). 


C 


Cylinder Number 


C stands for the current/selected Cylinder (track) number through 76 of 
the medium. 


D 


Data 


D stands for the data pattern which is going to be written into a Sector. 


D.-Do 


Data Bus 


8-bit Data Bus, where D^ stands for a most significant bit, and Do stands for a 
least significant bit. 


DTL Data Length 

j 


When N is defined as 00, DTL stands for the data length which users are 
going to read out or write into the Sector ^ 


EOT 1 End of Track 


EOT stands for the final Sector number on a Cylinder. During Read or Write 
operation FDC will stop date transfer after a sector # equal to EOT. 


GPL 


Gap Length 


GPL stands for the length of Gap 3. During ReadAA/rite commands this value 
determines the number of bytes }hat VCOs will stay low after two CRC bytes. 
During Format command it determines the size of Gap 3. 


H 


Head Address 


H stands for head number or 1 , as specified in ID field. 


HD 


Head 


HD stands for a selected head number or 1 and controls the polarity of pin 
27. (H = HD in all command words.) 


HLT 


Head Load Time 


HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms 
increments). 


HUT 


Head Unload Time 


HUT stands for the head unload time after a read or write operation has 
occurred (16 to 240 ms in 16 ms increments). 


MP 


FMorMFMMode 


If MP is low, FM mode is selected, and if it is high, MFM mode is selected. 


MT 


Multi-Track 


If MT is high, a multi-track operation is to be performed. If MT = 1 after 
finishing ReadA/Vrite operation on side FDC will automatically start 
searching for sector 1 on side 1 . 


N 


Number 


N stands for the number of data bytes written in a Sector. 


NCN 


New Cylinder Number 


NCN stands for a new Cylinder number, which is aoing to be reached as a 
result of the Seek operation. Desired position of Head. 


ND 


Non-DMA Mode 


ND stands for operation in the Non-DMA Mode. 


PCN 


Present Cylinder 
Number 


PCN stands for the Cylinder number at the completion of SENSE 
INTERRUPT STATUS Command. Position of Head at present time. 


R 


Record 


R stands for the Sector number, which will be read or written. 


RM 


Read/Write 


R/W stands for either Read (R) or Write (W) signal. 


SC 


Sector 


SC indicates the number of Sectors per Cylinder 


SK 


Skip 


SK stands for Skip Deleted Data Address Mark. 


SRT 


Step Rate Time ' SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms 

increments.) Stepping Rate applies to all drives, (F = 1 ms, E = 2 ms, etc.). 


STO Status ST 0-3 stand for one of four registers which store the status information after 
ST1 Status 1 a command has been executed. This information is available during the 
ST 2 Status 2 result phase after command execution. These registers should not be 
ST 3 Status 3 confused with the main status register (selected by Ao = 0). ST 0-3 may be 
' read only after a command has been executed and contain Information 

relevant to that particular command. 


STP During a Scan operation, if STP = 1 , the data in continguous sectors is 

compared byte by byte with data sent from the processor (or DMA) ; and if 
i STP = 2, then alternate sectors are read and compared. 


USO, US1 Unit Select i US stands for a selected drive number or 1 . 
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INSTRUCTION SET (D 



PHASE 


R/W 


DATA BUS 


REMARKS 


PHASE 


R/W 


DATA BUS 


REMARKS 


D7 D6 


O5 


D4 D3 D2 Di 


Do 


0? Oe 


D5 D4 D3 02 


Dl 


On 






SEAS =ATA 








nc«u « 1 HAUH. 




Command 

Execution 
Result 


W 

W 
W 
W 
W 
W 
W 

w 

R 
R 
R 
R 
R 
R 
R 


MX MF 
X X 


SK 
X 


11 
X X HD US1 




uso 


Command Codes 

Sector ID information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 


Command 

Execution 
Result 


W 
W 

w 

w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MF 
X X 


SK 
X X X HD 


1 
US1 




USO 


Command Codes 

Sector ID information prior 
to Command execution 

Data-transfer between t he 
FDD and main-system. FDC 
reads all data fields 
from index hole to ECFT. 

Status information after 
Command execution 

Sector ID information after 
Command execution j 






,j 








" 




































X-r , 









_ 










,. 




"' ' 






'' 


















READ DELETED DATA 






Command 

Execution 
Result 


W 
W 
W 
W 
W 
W 

w 
w 
w 

R 
R 
R 
R 
R. 
R 
R 


MT MF 
X X 


SK 
X 


110 

X X HD US1 

C 




uso 


Command Codes 

Sector ID information prior 
to Commend execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 




IM 






READ ID 




Command 
Execution 

Result 


W 
W 

R 
R 
R 
R 
R 
R 
R 


MF 
X X 


10 
X X X HD 


1 
US1 




uso 


Commands 

The first correct ID information 
on the Cylinder is stored in 
Data Register 

Status information after 
Command execution 

Sector ID information read 
during Execution Phase from 
Floppy Disk 


■■ 


r 


EOT 






"-!. r 


"I. 












n 











— C 


— 






FORMAT A TRACK | 








Command 

Execution 
Result 


W 
W 
W 
W 

W 

R 
R 
R 
R 
R 
R 
R 


MF 
X X 


11 
X X X HD 



US1 


1 
uso 


Command Codes 

Bytes/Sector 
Sectors/Track 
Gap 3 
Filler Byte 

FDC formats an entire track 

Status information after 
Command execution 

In this case, the ID information 
has no meaning 


N 




WRITE DATA 






Command 

Execution 
Result 


W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 

R 
R 
R 


MT MF 
X X 



X 


10 
X X HD US1 

C 


1 
uso 


. Command Codes 

Sector )D information prior 
to Command execution. The 
4 bytes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
main-system and FDD 

Status information after 
Command execution 

Sector ID information after 
Command execution 


"'' 










l; 


— 




— 


— N 






Xo." 




"^' 




— 






DTL 






,, 














N 










SCAN EQUAL { 






Xl? 





Command 
Execution 


W 
W 
W 

W 

w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 


MT MF 
. X X 


SK 1 
X X X HD 

C 



US1 


1 
uso 


Command Codes 

Sector ID information prior 
to Command execution 

Data-compared between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 






„ ' 






„" 






,. 

















N 








WRITE DELETED DATA 




Command 

Execution 
Result 


W 
W 
W 
W 

w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MT MF 
X X 



X 


10 
X X HD US1 


1 

uso 


Command Codes 

Sector 10 information prior 
to Command execution. The 
4 bvtes are commanded against 
header on Floppy Disk. 

Data-transfer between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 












'' 


-R 








ST 1 






ST 2 




— 






^ 




'■ 






t^ . 


■^~ 


- 


^ 


]] 







Nota: ® Symbols used in this tabit are deicrrbed at the end of this secti 

(2) Aq should equal binary 1 for all operationi. 

(3) X " Don't care, usually made to equal binary 0. 
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INSTRUCTION SET (CONT) 



PHASE 


R/W 


DATA BUS 1 


REMARKS 


PHASE 


R/W 


DATA BUS 1 


REMARKS 


O7 


Dr 


Dk Da 03 D2 


Di Dol 


D? 


06 


D5 D4 D3 D2 Di Do 1 






SCAN LOW OR EQUAL 








RECALIBRATE 




Command 

Execution 
Result 


W 

w 

w 
w 
w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MT 
X 


MF 
X 


SK 1 1 
X X X HD 


1 
US1 USD 


Command Codes 

Sector ID information prior 
Command execution 

Data-compared between the 
FDD and main-system 

Status information after 
Command execution 

Sector 1 D information after 
Command execution 


Command 
Execution 


W 

w 



X 



X 


11 1 
XX X US1 USO 


Command Codes 

Head retracted to Track 






SENSE INTERRUPT STATUS | 




Command 
Result 


w 

H 
R 








10 
STO_ 


Command Codes 

Status information at the end 
of seek-operation about the FOC 






^'1, 




EOT 









PCN 








SPECIFY 




Command 


W 
W 
W 







-SRI 
— H 


1 1 


{Command Codes 


















SENSE DRIVE STATUS 




' 


Command 


W 
W 

R 



X 



X 


10 
X X X HD US1 USO 

ST3 


Command Codes 

Status information about FDD 




" 


N 






SCAN HIGH OR EQUAL 






SEEK 




Command 

Execution 
Result 


W 
W 
W 
W 
W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
R 


MT 
X 


MF 
X 


SK 1 1 1 
X X X HD 


1 
US1 USO 


Command Codes 

Sector ID information prior 
Command execution 

Data-compared between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 


Command 
Execution 


W 
W 
W 



X 



X 


111 1 
X X X HD US1 USO 


■ Comn^nd Codes 

Head is positioned over 
proper Cylinder on 
Diskette 


" 








'^ 




' 










INVALID J 


Command 
Result 


W 
R 




Invalid Command Codes 
<NoOp- FDC goes into 
Standby State) 

ST = 80 

(161 




-TO 










',.' 




' 




;■ 


N 



FUNCTIONAL DESCRIPTION OF COMMANDS 
Read Data 

A set of nine (9) byte words are required to place tlie FDC 
into the Read Data Mode. After tine Read Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify Command), and begins reading ID 
Address Marks and ID fields. When the current sector num- 
ber ("R") stored in the ID Register (IDR) compares with the 
sector number read off the diskette, then the FDC outputs 
data (from the data field) byte-to-byte to the main system 
via the data bus. 

After completion of the read operation from the current sec- 
tor, the Sector Number is incremented by one, and the data 



from the next sector is read and output on the data bus. This 
continuous read function is called a "Multi-Sector Read 
Operation." The Read Data Command may be terminated 
by the receipt of a Terminal Co unt sig nal. TC should be 
issued at the same time that the DACK for the last byte of 
data is sent. Upon receipt of this signal, the FDC stops out- 
putting data to the processor, but will continue to read data 
from the current sector, check CRC (Cyclic Redundancy 
Count) bytes, and then at the end of the sector terminate 
the Read Data Command. 

The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), MF 
(MFM/FM), and N (Number of Bytes/Sector). Table 1 below 
shows the Transfer Capacity. 



Multi-Track 
MT 


MFM/FM 
MF 


Bytes/Sector 
N 


Maximum Transfer Capacity 

(Bytes/Sector) (Number of 

Sectors) 


Final Sector 

Read 
from Disltette 








1 


00 
01 


(128) (26)= 3,328 
(256) (26) = 6,656 


26 at Side 
or 26 at Side 1 


1 
1 




1 


00 
01 


(128) (52)= 6,656 
(256) (52) = 13,312 


26 at Side 1 








1 


01 
02 


(256) (15)= 3,840 
(512) (15)= 7,680 


15 at Side 
or 1 5 at Side 1 


1 
1 




1 


01 
02 


(256) (30) = 7,680 
(512) (30) = 15,360 


15 at Side 1 



i 




1 


02 
03 


(512) (8) = 4,096 
(1024) (8) = 8,192 


8 at Side 
or 8 at Side 1 


1 
1 




1 


02 
03 


(512) (16)= 8,192 
(1024) (16) = 16,384 


8 at Side 1 



Table 1. Transfer Capacity 
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The "multi-track" function (MT) allows the FDC to read data 
from both sides of the diskette. For a particular cylinder, data 
will be transferred starting at Sector 1 , Side and complet- 
ing at Sector L, Side 1 (Sector L = last sector on the side). 
Note, this function pertains to only one cylinder (the same 
track) on each side nf the diskpttp 

When N = 0, the DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the actual 
data length in a Sector, the data beyond DTL in the Sector, 
is not sent to the Data Bus. The FDC reads (internally) the 
complete Sector performing the CRC check, and depend- 
ing upon the manner of command termination, may per- 
form a Multi-Sector Read Operation. When N is non-zero, 
then DTL has no meaning and should be set to FF 
Hexidecimal. 

At the completion of the Read Data command, the head is 
not unloaded until after Head Unload Time Interval (speci- 
fied in the Specify Command) has elapsed. If the processor 
issues another command before the head unloads then the 
head settling time may be saved between subsequent 
reads. This time out is particularly valuable when a diskette 
is copied from one drive to another. 

If the FDC detects the Index Hole twice without finding the 
right sector, (indicated in "R"), then the FDC sets the ND 
(No Data) flag in Status Register 1 to a 1 (high), and termi- 
nates the Read Data Command. (Status Register also has 
bits 7 and 6 set to and 1 respectively) 

After reading the ID and Data Fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected (incorrect 
CRC in ID field), the FDC sets the DE (Data Error) flag in 
Status Register 1 to a 1 (high), and if a CRC error occurs in 
the Data Field the FDC also sets the DD (Data Error in Data 
Field) flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command. (Status Register also has bits 
7 and 6 set to and 1 respectively) 



If the FDC reads a Deleted Data Address Mark off the dis- 
kette, and the SK bit (bit D5 in the first Command Word) is 
not set (SK = 0), then the FDC sets the CM (Control Mark) 
flag in Status Register 2 to a 1 (high), and terminates the 
Read Data Command, after reading all the data in the Sec- 
tor. !f SK ~ 1 the FDC ski'^s th° •^'^'^+'^>- '•"♦v^ +^>'^ n«i^+,v^ 
Data Address Mark and reads the next sector. The CRC bits 
in the deleted data field are not checked when SK = 1 . 
During disk data transfers between the FDC and the pro- 
cessor, via the data bus, the FDC must be serviced by the 
processor every 27 fis in the FM Mode, and every 13 |xs in 
tjie MFM Mode, or the FDC sets the OR (Over Run) flag in 
status Register 1 to a 1 (high), and terminates the Read 
Data Command. 

If the processor terminates a read (or write) operation in the 
FDC, then the ID Information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. Table 
2 shows the value for C, H, R, and N, when the processor 
terminates the Command. 



MT 


HD 


Final Sector 

Transferred to 

Processor 


ID Information at Result 
Phase 


C 


H 


R 


N 








Less than EOT 


NO 


NC 


R+ 1 


NC 





Equal to EOT 


+ 1 


NC 


R = 01 


NC 


1 


Less than EOT 


NC 


NC 


R + 1 


NC 


1 


Equal to EOT 


+ 1 


NC 


R = 01 


NC 








Less than EOT 


NC 


NC 


R + 1 


NC 





Equal to EOT 


NC 


LSB 


R = 01 


NC 


1 


Less than EOT 


NC 


NC 


R + 1 


NC 


1 


Equal to EQT 


C + 1 


LSB 


R = 01 


NC 



Notes : 1 . NC (No Change) : The same value as the one at the 
beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of 
His complemented. 



Write Data 

A set of nine (9) bytes are required to set the FDC into the 
Write Data mode. After the Write Data command has been 
issued the FDC loads the head (if it is in the unloaded state), 
waits the specified Head Settling Time (defined in the 
Specify Command), and begins reading ID Fields. When all 
four bytes loaded during the command (C, H, R, N) match 
the four bytes of the ID field from the diskette, the FDC takes 
data from the processor byte-by-byte via the data bus, and 
outputs it to the FDD. 

After writing data into the current sector, the Sector Number 
stored in "R" is incremented by one, and the next data field 
is written into. The FDC continues this "Multi-Sector Write 
Operation" until the issuance of a Terminal Count signal. If 
a Terminal Count signal is sent to the FDC it continues writ- 
ing into the current sector to complete the data field. If the 
Terminal Count signal is received while a data field is beinc 
written Then the remainder of the dataTerdlsfi lied with 00 
(zeros). 

The FDC reads the ID field of each sector and checks the 
CRC bytes. If the FDC detects a read error (incorrect CRC) 
in one of the ID Fields, it sets the DE (Data Error) flag of 
Status Register 1 to a 1 (high), and terminates the Write Data 
Command. (Status Register also has bits 7 and 6 set to 
and 1 respectively) 

The Write Command operates in much the same manner 
as the Read Command. The following items are the same, 
and one should refer to the Read Data Command for details : 

• Transfer Capacity 

• EN (End of Cylinder) Flag 



• ND (No Data) Flag 

• Head Unload Time Interval 

• ID Information when the processor terminates command 
(see Table 2) 

• Definition of DTL when N = and when N 4= 

In the Write Data mode, data transfers between the proces- 
sor and FDC, via the Data Bus, must occur every 27 [xs in 
the FM mode, and every 13 m-s in the MFM mode. If the time 
interval between data transfers is longer than this then the 
FDC sets the OR (Over Run) flag in Status Register 1 to a 
1 (high), and terminates the Write Data Command. (Status 
Register also has bit 7 and 6 set to and 1 respectively) 

Write Deleted Data 

This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the begin- 

ninn nf tho Plata PioH inctoaH r,f tho nnrm')t riot-a Artrirr^c^c^ 

Mark. 

Read Deleted Data 

This command is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark at 
the beginning of a Data Field and SK = (low), it will read 
all the data in the sector and set the CM flag in Status Reg- 
ister 2 to a 1 (high), and then terminate the command. If SK 
= 1 , then the FDC skips the sector with the Data Address 
Mark and reads the next sector. 

Read A Track 

This command is similar to READ DATA Command except 
that this is a continuous READ operation where the entire 



398 



Format 


Sector Size 


N 


SC 


GPL® GPL(D® 


8" Standard Floppy | 


FM Mode 


1 28 bytes/sector 


00 


1A 


07 


IB 


256 




01 


OF 


OE 


2A 


512 




02 


08 


IB 


3A 


1024 




03 


04 


47 


8A 


2048 




04 


02 


C8 


FF 


4096 




05 


01 


C8 


FF 


MFM 
Mode® 


256 




01 


1A 


OE 


36 


512 




tl2 


OF 


ie 


54 


1024 




03 


08 


35 


74 


2048 




04 


04 


99 


FF 


4096 




05 


02 


C8 


FF 


8192 




06 


01 


C8 


FF 


SV/ Minifloppy | 


FM Mode 


1 28 bytes/sector 


00 


12 


07 


09 


128 




00 


10 


10 


19 


256 




01 


08 


18 


30 


512 




02 


04 


46 


87 


1024 




03 


02 


C8 


FF 


2048 




04 


01 


C8 


FF 


MFM 

Mode® 


256 




01 


12 


OA 


OC 


256 




01 


10 


20 


32 


512 




02 


08 


2A 


50 


1024 




03 


04 


80 


FO 


2048 




04 


02 


C8 


FF 


4096 




05 


01 


C8 


FF 


3V2" Sony Micro Floppydisk® | 


FM Mode 


1 28 bytes/sector 





OF 


07 


IB 


J 256 




1 


09 


OE 


2A 


512 




2 


05 


IB 


3A 


MFM 
Mode® 


256 




1 


OF 


OE 


36 


512 




2 


09 


IB 


54 


1024 




3 


05 


35 


74 



Tables 
Notes: ® Suggested values of GPL in Read or Write com- 
mands to avoid splice point between data field and 
ID field of contiguous sections. 
(D Suggested values of GPL in format command. 
® All values except sector size and hexidecimal. 
® In MFM mode FDC cannot perform a Read/Write/ 
format operation with 128 bytes/sector. (N = 00) 

data field from each of the sectors are read. Immediately 
after encountering the INDEX HOLE, the FDC starts read- 
ing all data fields on the track, as continuous blocks of data. 
If the FDC finds an error in the ID or DATA CRC check bytes, 
it continues to read data from the track. The FDC compares 
the ID information read from each sector with the value 
stored in the IDR, and sets the ND flag of Status Register 1 
to a 1 (high) if there is no comparison. Multi-track or skip 
operations are not allowed with this command. 



Scan Commands 

The SCAN Commands allow data which is being read from 
the diskette to be compared against data which is being 
supplied from the main system. The FDC compares the data 
on a byte-by-byte basis, and looks for a sector of data which 
meets the conditions of D^dd = Dprocessor. Dfdd ^ Dproces- 
soR, or DpoD 3= Dprocessor- The hexldecima! byte of FF either 
from memory or from FDD can be used as a mask byte 
because it always meet the condition of the compare. Ones 



This command terminates when number of sectors read is 
equal to EOT. If the FDC does not find an ID Address Mark 
on the diskette after it encounters the INDEX HOLE for the 
second time, then it sets the MA (missing address mark) 
flag in Status register 1 to a 1 (high), and terminates the 
command. (Status Register has bits 7 and 6 set to and 
1 respectively) 

Read ID 

The READ ID Command is used to give the present posi- 
tion of the recording head. The FDC stores the values from 
the first ID field it js able to read.Jf no pro pe r ID Address 
Mark is found on the diskette, before the INDEX HOLE is 
encountered for the second time then the MA (Missing 
Address Mark) flag in Status Register 1 is set to a 1 (high), 
and if no data is found then the ND (No Data) flag is also set 
in Status Register 1 to a 1 (high). The command is then 
terminated with Bits 7 and 6 in Status Register set to 
and 1 respectively During this command there is no data 
transfer between FDC and the CPU except during the 
result phase. 

Format A Track 

The Format Command allows an entire track to be format- 
ted. After the INDEX HOLE is detected. Data is written on 
the Diskette; Gaps, Address Marks, ID Fields and Data 
Fields, all per the IBM System 34 (Double Density) or Sys- 
tem 3740 (Single Density) Format are recorded. The par- 
ticular format which will be written is controlled by the values 
programmed into N (number of bytes/sector), SC (sectors/ 
cylinder), GPL (Gap Length), and D (Data Pattern) which 
are supplied by the processor during the Command Phase. 
The Data Field is filled with the Byte of data stored in D. The 
ID Field for each sector is supplied by the processor; that 
is, four data requests per sector are made by the FDC for 
C (Cylinder Number), H (Head Number), R (Sector Num- 
ber) and N (Number of Bytes/Sector). This allows the dis- 
kette to be formatted with nonsequential sector numbers, 
if desired. 

The processor must send new values for C, H, R, and N to 
the FDC for each sector on the track. If FDC is set for DMA 
mode, it will issue 4 DMA requests per sector. If it is set for 
interrupt mode, it will issue four interrupts per sector and 
the processor must supply C, H, R and N load for each sec- 
tor The contents of the R register is incremented by one 
after each sector is formatted, thus, the R register contains 
a value of R when it is read during the Result Phase. This 
incrementing and formatting continues for the whole track 
until the FDC encounters the INDEX HOLE for the second 
time, whereupon it terminates the command. 
If a FAULT signal is received from the FDD at the end of a 
write operation, then the FDC sets the EC flag of Status 
Register to a 1 (high), and terminates the command after 
setting bits 7 and 6 of Status Register to and 1 respec- 
tively Also the loss of a READY signal at the beginning of 
a command execution phase causes bits 7 and 6 of Status 
Register to be set to and 1 respectively 
Table 3 shows the relationship between N, SC, and GPL for 
various sector sizes: 



complement arithmetic is used for comparison (FF = larg- 
est number, 00 = smallest number). After a whole sector 
of data is compared, if the conditions are not met, the sector 
number is incremental (R + STP -^ R), and the scan oper- 
ation is continued. The scan operation continues until one 
of the following conditions occur; the conditions for scan are 
met (equal, low, or high), the last sector on the track is 
reached (EOT), or the terminal count signal is received. 
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If the conditions for scan are met then the FDC sets the SH 
(Scan Hit) flag Status Register 2 to a 1 (high), and termi- 
nates the Scan Command. If the conditions for scan are not 
met between the starting sector (as specified by R) and the 
last sector on the cylinder (EOT), then the FDC sets the SN 

/c»« M.i o_x:— <:<.,j\ XI ir«±_i. _f-i :_i.-.. <.«i_ _j/i. iv 

V^v^oii i<iwi ^aiioiicu; iioy ui vjiaius ncuioiei £ lU et I (iiiuii;, 

and terminates the Scan Command. The receipt of a TER- 
MINAL COUNT signal from the Processor or DMA Con- 
troller during the scan operation will cause the FDC to 
complete the comparison of the particular byte which is in 
process, and then to terminate the command. Table 4 shows 
the status of bits SH and SN under various conditions of 
SCAN. 



COMMAND 


STATUS REGISTER 2 


COMMENTS 


BIT2 = SN 


BIT3 = SH 


Scan Equal 




1 


1 



UpDo = DpHocEssoR 
UpDO T^ DpROCESSOR 


Scan Low or 
Equal 





1 


1 




DpcD = DpFiooESSOR 
DpcD < DpROCESSOR 
DpDD ^ DpBocESSOR 


Scan High or 
Equal 





1 


1 





'-'FDD ~ '-'PROCESSOR 
DpDD > I^PROCESSOR 
UpoD < IJpROCESSOR 



Table 4 

If the FDC encounters a Deleted Data Address Mark on one 
of the sectors (and SK = 0), then it regards the sector as 
the last sector on the cylinder, sets CM (Control Mark) flag 
of Status Register 2 to a 1 (high) and terminates the com- 
mand . If SK = 1 , the FDC skips the sector with the Deleted 
Address Mark, and reads the next sector. In the second case 
(SK = 1 ), the FDC sets the CM (Control Mark) flag of Sta- 
tus Register 2 to a 1 (high) in order to show that a Deleted 
Sector had been encountered. 

When either the STP (contiguous sectors = 01, or alter- 
nate sectors = 02 sectors are read) or the MT (Multi-Track) 
are programmed, it is necessary to remember that the last 
sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered sequentially 1 through 
26, and we start the Scan Command at sector 21 ; the fol- 
lowing will happen. Sectors 21 , 23 and 25 will be read, then 
the next sector (26) will be skipped and the Index Hole will 
be encountered before the EOT value of 26 can be read. 
This will result in an abnormal termination of the command. 
If the EOT has been set at 25 or the scanning started at 
sector 20, then the Scan Command would be completed in 
a normal manner. 

During the Scan Command data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having the OR 
(Over Run) flag set in Status Register 1 , it is necessary to 
have the data available in less than 27 |xs (FM Mode) or 13 
|JLS (MFM Mode). If an Overrun occurs the FDC ends the 
command with bits 7 and 6 of Status Register set to and 
1 , respectively. 

Seek 

The read/write head within the FDD is moved from cylinder 
to cylinder under control of the Seek Command. FDC has 
four independent Present Cylinder Registers for each drive. 
They are clear only after Recalibrate command. The FDC 
compares the PCN (Present Cylinder Number) which is the 
current head position with the NCN (New Cylinder Num- 
ber), and if there is a difference performs the following 
operation: 

PCN < NCN: Direction signal to FDD set to a 1 (high), 
and Step Pulses are issued. (Step In.) 

PCN > NCN : Direction signal to FDD set to a (low), and 
Step Pulses are issued. (Step Out.) 



The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Command. After 
each Step Pulse is issued NCN is compared against PCN, 
and when NCN = PCN, then the SE (Seek End) flag is set 
in Status Register to aj jhigh), and the command is ter- 
iiiiiictiBu. Ai this point i-uu interrupt goes nign. Bits UBq- 
DB3 in Main Status Register are set during seek operation 
and are cleared by Sense Interrupt Status command. 
During the Command Phase of the Seek operation the FDC 
is in the FDC BUSY state, but during the Execution Phase 
it is in the NON BUSY state. While the FDC is in the NON 
BUSY state, another Seek Command may be issued, and 
in this manner parallel seek operations may be done on 
up to 4 Drives at once. No other command could be issued 
for as long as FDC is in process of sending Step Pulses to 
any drive. 

If an FDD is in a NOT READY state at the beginning of the 
command execution phase or during the seek operation, 
then the NR (NOT READY) flag is set in Status Register 
to a 1 (high), and the command is terminated after bits 7 
and 6 of Status Register are set to and 1 respectively 
If the time to write 3 bytes of seek command exceeds 150 
|JLS, the timing between first two Step Pulses may be shorter 
than set in the Specify command by as much as 1 ms. 

Recalibrate 

The function of this command is to retract the read/write 
head within the FDD to the Track position. The FDC clears 
the contents of the PCN counter, and checks the status of 
the Track signal from the FDD. As long as the Track sig- 
nal is low, the Direction signal remains (low) and Step 
Pulses are issued. When the Track signal goes high, the 
SE (SEEK END) flag in Status Register is set to a 1 (high) 
and the command is terminated. If the Track signal is still 
low after 77 Step Pulses have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags 
of Status Register to both 1 s (highs), and terminates the 
command after bits 7 and 6 of Status Register is set to 
and 1 respectively 

The ability to do overlap RECALIBRATE Commands to 
multiple FDDs and the loss of the READY signal, as 
described in the Seek Command, also applies to the 
RECALIBRATE Command. 

Sense Interrupt Status 

An Interrupt signal is generated by the FDC for one of the 
following reasons: 

1 . Upon entering the Result Phase of: 
a. Read Data Command 

Read a Track Command 
Read ID Command 
Read Deleted Data Command 
Write Data Command 
Format a Cylinder Command 
Write Deleted Data Command 
Scan Commands 

2. Ready Line of FDD changes state 

3. End of Seek or Recalibrate Command 

4. During Execution Phase in the NON-DMA Mode 
Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible by 
the processor. During an execution phase in NON-DMA 
Mode, DB5 in Main Status Register is high. Upon entering 
Result Phase this bit gets clear. Reason 1 and 4 does not 
require Sense Interrupt Status command. The interrupt is 
cleared by reading/writing data to FDC. Interrupts caused 
by reasons 2 and 3 above may be uniquely identified with 
the aid of the Sense Interrupt Status Command. This com- 
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mand when issued resets the interrupt signal and via bits 
5, 6, and 7 of Status Register identifies the cause of the 
interrupt. 



SEEK 

END 

BITS 5 


INTERRUPT 
CODE 


CAUSE 


BIT 6 


BIT 7 





1 


1 


Ready Line changed state, either 
polarity 


1 








Normal Termination of Seek or 
Recalibrate Command 


1 


1 





Abnormal Termination of Seek or 
Recalibrate Command 



Tables 

Neither the Seek or Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense Inter- 
rupt Status Command after these commands to effectively 
terminate them and to provide verification of where the head 
is positioned (PCN). 

Issuing Sense interrupt Status Command without interrupt 
pending is treated as an invalid command. 

Specify 

The Specify Command sets the initial values for each of the 
three internal timers. The HUT (Head Unload Time) defines 
the time from the end of the Execution Phase of one of the 
ReadAA/rite Commands to the head unload state. This timer 
is programmable from 16 to 240 ms in increments of 16 ms 
(01 = 16ms, 02= 32ms... OF = 240 ms).TheSRT (Step 
Rate Time) defines the time interval between adjacent step 
pulses. This timer is programmable from 1 to 1 6 ms in incre- 
ments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, etc.). The 
HLT (Head Load Time) defines the time between when the 
Head Load signal goes high and when the Read/Write 
operation starts. This timer is programmable from 2 to 254 



ms in increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 
ms...7F = 254 ms). 

The time intervals mentioned above are a direct function of 
the clock (CLK on pin 1 9). Times indicated above are for an 
8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy 
application) then all time intervals are increased by a factor 
of 2. 

The choice of DMA or NON-DMA operation is made by the 
ND (NON-DMA) bit. When this bit is high (ND = 1 ) the NON- 
DMA mode is selected, and when ND = the DMA mode 
is selected. 



Sense Drive Status 

This command may be used by the processor whenever it 
wishes to obtain the status of the FDDs. Status Register 3 
contains the Drive Status information stored internally in 
FDC registers. 



Invalid 

if an invalid command is sent to the FDC (a command not 
defined above), then the FDC will terminate the command 
after bits 7 and 6 of Status Register are set to 1 and 
respectively. No interrupt is generated by the FDC765A 
during this condition. Bit 6 and bit 7 (DIO and ROM) in the 
Main Status Register are both high ("1") indicating to the 
processor that the FDC is in the Result Phase and the con- 
tents of Status Register (STO) must be read. When the 
processor reads Status Register it will find an 80 hex indi- 
cating an invalid command was received. 
A Sense Interrupt Status Command must be sent after a 
Seek or Recalibrate Interrupt, othenwise the FDC will con- 
sider the next command to be an Invalid Command. 
In some applications the user may wish to use this com- 
mand as a No-Op command, to place the FDC in a standby 
or no operation state. 



STATUS REGISTER IDENTIFICATION 



BIT 



NO. 






D4 



NAME 



interrupt Code 



Seek End 



Equipment Check 



Not Ready 



SYMBOL 



IC 



BE 



EC 



DESCRIPTION 



D7 = and Ds = , _, 

Normal Termination of Command, (NT). Command was completed 
and properly executed. 



D7 = and De = 1 

Abnormal Termination of Command, (AT). 

Execution of Command was started, but was not successfully 

completed. ^___ 



Dr = 1 and De = 

invalid Command issue, (IC). Command which was issued was 

never started. 



D7 = 1 and Ds = 1 

Abnormal Termination because during command execution the 

ready signal from FDD changed state. 



When the FDC completes the SEEK Command, this flag is set to 
1 (high). 



If a fault Signal is received from the FDD, or if the Track Signal 
fails to occur after 77 Step Pulses (Recalibrate Command) then this 
flag is set. 



Head Address 



D, 



Unit Select 1 



NR When the FDD is in the not-ready state and a read or write 

command is issued, this flag is set. If a read or write command is 
issued to Side 1 of a single sided drive, then this flag is set. 



HD 



US1 



Do 



Unit Select 



USO 



This flag is used to indicate the state of the head at Interrupt. 



These flags are used to indicate a Drive Unit. Number at Interrupt. 
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BIT 


DESCRIPTION 


NO. 1 NAME 1 SYMBOL 


STATUS REGISTER 1 (CONT) 


Dy 


End of Cylinder 


EN 


When the FDC tries to access a Sector beyond the final Sector of a 


Da 






Not used. This bit is always (low). 


D5 


Data Errror 


DE 


When the FDC detects a CRC error in either the ID field or the data 
field, this flag is set. 


D. 


Over Run 


OR 


If the FDC is not serviced by the main-systems during data 
transfers, within a certain time interval, this flag is set. 


D3 






Not used. This bit always (low). 


D, 


No Data 


ND 


During execution of READ DATA, WRITE DELETED DATA or 
SCAN Command, if the FDC cannot find the Sector specified in the 
IDR Register, this flag is set. 


During executing the READ ID Command, if the FDC cannot read 
the ID field without an error, then this flag is set. 


During the execution of the READ A Cylinder Command, if the 
starting sector cannot be found, then this flag is set. 


D, 


Not Writable 


NW 


During execution of WRITE DATA, WRITE DELETED DATA or 
Format A Cylinder Command, if the FDC detects a write protect 
signal from the FDD, then this flag is set. 


Do 


Missing Address Mark 


MA 


If the FDC cannot detect the ID Address Mark after encountering 
the index hole twice, then this flag is set. 


If the FDC cannot detect the Data Address Mark or Deleted Data 
Address Mark, this flag is set. Also at the same time, the MD 
(Missing Address Mark in Data Field) of Status Register 2 is set. 


STATUS REGISTER 2 j 


Dr 






Not used. This bit is always (low). 


De 


Control Mark 


CM 


During executing the READ DATA or SCAN Command, if the FDC 
encounters a sector which contains a Deleted Data Address Mark, 
this flag is set. 


D5 


Data Error in Data Field 


DD 


If the FDC detects a CRC error in the data field then this flag is set. 


D4 


Wrong Cylinder 


WC 


This bit is related with the ND bit, and when the contents of C on the 
medium is different from that stored in the IDR, this flag is set. 


D3 


Scan Equal Hit 


SH 


During execution, the SCAN Command, if the condition of "equal" 
is satisfied, this flag is set. 


D, 


Scan Not Satisfied 


SN 


During executing the SCAN Command, if the FDC cannot find a 
Sector on the cylinder which meets the condition, then this flag 
is set. 


D, 


Bad Cylinder 


BC 


This bit is related with the ND bit, and when the content of C on the 
medium is different from that stored in the IDR and the content of C 
is FR then this flag is set. j 


Do 

! 


Missing Address Mark 
in Data Field 


MD 


When data is read from the medium, if the FDC cannot find a Data 1 
Address Mark or Deleted Data Address Mark, then this flag is set. 1 


STATUS REGISTER 3 


D. 


Fault 


FT 


This bit is used to indicate the status of the Fault signal from 
the FDD. 


De 


Write Protected 


WP 


This bit is used to indicate the status of the Write Protected signal 
from the FDD. 


Ds 


Ready 


RY 


This bit is used to indicate the status of the Ready signal from 
the FDD. 


D, 


Track 


TO 


This bit is used to indicate the status of the Track signal from 
the FDD. 


D3 


Two Side 


IS 


This bit is used to indicate the status of the Two Side signal from 
the FDD. 


D. 


Head Address 


HD 


This bit is used to indicate the status of Side Select signal 
to the FDD. 


D, 


Unit Select 1 


US1 


This bit is used to indicate the status of the Unit Select 1 signal 
to the FDD. 


Do 


Unit Select 


USO 


This bit is used to indicate the status of the Unit Select signal 
to the FDD. 
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PROCESSOR INTERFACE 

During Command or Result Phases the Main Status Reg- 
ister (described earlier) must be read by the processor 
before each byte of information is written into or read from 
the Data Register. After each byte of data read or written to 
Data Register, CPU should wait for 12 |jls before reading 
MSR. Bits D6 and 07 in the Main Status Register must be 
in a and 1 state, respectively, before each byte of the com- 
mand word may be written in the FDC. Many of the com- 
mands require multiple bytes, and as a result the Main Status 
Register must b e read prjqr to eac h byte t ransf er to th e FDC. 
On the other hand, during theTlesuirPfiase,D6^hdD7Th 
the Main Status Register must both be 1 's (D6 = 1 and D7 
= 1) before reading each byte from the Data Register. Note, 
this reading of the Main Status Register before each byte 
transfer to the FDC is required in only the Command and 
Result Phases, and NOT during the Execution Phase. 
During the Execution Phase, the Main Status Register need 
not be read. If the FDC is in the NON-DMA Mode, then the 
receipt of each data byte (if FDC is reading data from FDD) 
is indicated by an Interrupt signal on pin 18 (INT = 1). Ihe 
generation of a Read signal (RD = 0) or Write signal (WR 
= 0) will reset the Interrupt as well as output the Data onto 
the Data bus. If the processor cannot handle Interrupts fast 
enough (every 1 3 jjls) for MFM and 27 (jls for FM mode, then 
it may poll the Main Status Register and then bit D7 (ROM) 
functions just like the Interrupt signal. If a Write Command 
is in process then the WR signal performs the reset to the 
Interrupt signal. 

If the FDC is in the DMA Mode, no Interrupts are generated 
during the Execution Phase. The FDC generates DRQ's 
(DMA Requests) when each byte of data is availabl e. The 
DMA Controller responds to this r eque st with both a DACK 
= (DMA Acknowledge) and a RD = (R ead sig nal). 
When the DMA Acknowledge signal goes low (DACK = 0) 
then the DMA Request is reset (DRQ =^ 0). If a Write Com- 
mand has been programmed then a WR signal will appear 
instead of RD. After the Execution Phase has been com- 
pleted (Terminal Count has occurred) or EOT sector was 
read/written, then an Interrupt will occur (INT = 1).Thissig- 
nifies the beginning of the Result Phase. When the first byte 
of data is read during the Result Phase, the Interrupt is 
automatically reset (INT = 0). 



It is important to note that during the Result Phase all bytes 
shown in the Command Table must be read. The Read Data 
Command, for example has seven bytes of data in the Result 
Phase. All seven bytes must be read in order to success- 
fully complete the Read Data Command. The FDC will not 
accept a new command until all seven bytes have been read. 
Other commands may require fewer bytes to be read during 
the Result Phase. 

The FDC contains five Status Registers. The Main Status 
Register mentioned above may be read by theprocesspxat 
any time. The other four Status Registers (STO, STi , ST2, 
and ST3) are only available during the Result Phase, and 
may be read only after completing a command. The partic- 
ular command which has been executed determines how 
many of the Status Registers will be read. 
The bytes of data which are sent to the FDC to form the 
Command Phase, and are read out of the FDC in the Result 
Phase, must occur in the order shown in the Command 
Table. That is, the Command Code must be sent first and 
the other bytes sent in the prescribed sequence. No fore- 
shortening of the Command or Result Phases are allowed. 
After the last byte of data in the Command Phase is sent to 
the FDC, the Execution Phase automatically starts. In a 
similar fashion, when the last byte of data is read out in the 
Result Phase, the command is automatically ended and the 
FDC is ready for a new command. 

POLLING FEATURE OF THE FDC765A/7265 

After the Specify command has been sent to the FDC, the 
Unit Select line USO and US1 will automatically go into a 
polling mode. In between commands (and between step 
pulses in the SEEK command) the FDC polls all four FDD's 
looking for a change in the Ready line from any of the drives. 
If the Ready line changes state (usually due to a door open- 
ing or closing) then the FDC will generate an interrupt. When 
Status Register (STO) is read (after Sense Interrupt Sta- 
tus is issued), Not Ready (NR) will be indicated. The polling 
of the Ready line by the FDC occurs continuously between 
commands, thus notifying the processor which drives are 
on or off line. Each drive is polled every 1.024 ms except 
during the ReadA/Vrite commands. 




AC TEST CONDITION 

INPUT/OUTPUT 



2.0V 2.0V 

TEST POINT 
0.8V 0.8V 



> 



AC TESTING 



CLOCK 

3.0V 



> 



2.4V 
TEST POINT 
0.65V 



Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0." Timing measure- 
ments are made at 2.0V for a logic "1 " and 0.8V for a logic "0." 

Clocks are driven at 3.0V for a logic "1 " and 0.3V for a logic "0." Timing measure- 
ments are made at 2.4V for a logic "1" and 0.65V for a logic "0." 
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TIMING DIAGRAMS 

PROCESSOR READ OPERATION 



Aq, cs, dack 



Z)C 



X 



% TRB^i ^ 



i-*-TRA 



WRITE CLOCK 



WRITE ENABLE 



FDD WRITE OPERATION 

-^ H«— To 



^RD Jrr- 



-TOF 




■\- 



V 



CLOCK 



"°" 'Zxz^eizxzzxi 

^j [-•— """CD -^ ^— TWDD 



WRITE DATA 




-TcD 





PRESHIFTO 


PRESHIFT1 


NORMAL 








LATE 





1 


EARLY 


1 





INVALID 


1 


1 



ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature - 10°C to + 70°C 

Storage Temperature _ 550^ jq + 150°C 

All Output Voltages [\[[[[\]]\[\\\\[\\\\'.'.'.'.'. -0.5to +7 Volts 

All Input Voltages _0.5 to +7 Volts 

Supply Voltage Vcc -0.5 to +7 Volts 

Power Dissipation 1 yyg(( 

T, = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

DC CHARACTERISTICS L = 0°Cto +70°C;Vcc = +5V ±5% unless otherwise specified 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP® 


MAX 


Input Low Voltage 


v„ 


-0.5 




0.8 


V 




Input High Voltage 


V,H 


2.0 




Vcc + 0.5 


V 




L Output Low Voltage 


Vo. 






0.45 


V 


loL = 2.0 mA 


Output High Voltage 


VoH 


2.4 




Vcc 


V 


loH= -200^JLA 


Input Low Voltage 
(CLK + WR Clock) 


V|L(4) 


-0.5 




0.65 


V 




Input High Voltage 
(CLK + WR Clock) 


V,H,*. 


2.4 




Vcc + 0.5 


V 




Vcc Supply Current 


Ice 






150 


mA 




Input Load Current 
(All Input Pins) 


II, 






10 


,xA 


V,N = Vcc 


-10 


fiA 


V„ = OV 


High Level Output Leakage Current 


'loh 






10 


ixA 


VouT = Vcc 


Low Level Output Leakage Current 


Ilol 






-10 


J.A 


VouT = + 0.45V 



NOTE: ©Typical values for T, = 25°C and nominal supply voltage 
DC CHARACTERISTICS Ta = 25°C;f, = 1 MHz; Vcc = OV 



PARAMETER 




LIMITS 


UNIT 


TEST 
CONDITIONS 


SYMBOL 


MIN 


TYP 


MAX 


Clock Input Capacitance 


C|N(6) 






20 


pF 


All Pins Except Pin 
Under Test Tied to 
AC Ground 


Input Capacitance 


C|N 






10 


pF 


Output Capacitance 


CoUT 






20 


pF 



404 



AC CHARACTERISTICS Ta = -10°Cto +70°C;Vcc = +5V ± 


5% unless otherwise specified. 




PARAMETER 


SYMBOL 


LIMITS 1 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP® 


MAX 


Clock Period 


<i>cY 


120 


125 


500 


ns 




Clock Active (High, Low) 


*c 


40 






ns 




Clock Rise Time 


6, 






20 


ns 




Clock Fall Time 


<t>, 






20 


ns 




A„, CS, DACK Set Up Time to RD i 


Tar 









ns 




Ao, CS, DACK Hold Time from RD T 


Tha 









ns 




RD Width 


Thr 


250 






ns 




Data Access Time from RD i 


Tro 






200 


ns 


Cl = 100 pF 


DB to Float Delay Time from RD T 


Top 


20 




100 


ns 


C = lOOpF 


Ao, CS, DACK Set Up Time to WR i 


'aw 









ns 




A„, CS, DACK Hold Time to WR T 


IwA 









ns 




WR Width 


1 WW 


250 






ns 




Data Set Up Time to WRT 


Tdw 


150 






ns 




Data Hold Time from WR T 


Two 


5 






ns 




INT Delay Time from RD T 


Tr, 






500 


ns 




INT Delay Time from WR T 


'wi 






500 


ns 




DRQ Cycle Time 


Tmcy 


13 






JJLS 




DRQ Delay Time from DACK i 


1am 






200 


ns 




TC Width 


Ttc 


1 






^Of 




Reset Width 


Trst 


14 






<!>CY 




WCK CYCLE TIME 


TwOY 




4 
2 




ILS 


MFM = 5Va" 
MFM = 1 5V4" 


2 

1 


MFM = 8" 
MFM = 1 8" 


2 

1 


MFM = 31/2" ® 
MFM = 1 3V2" © 


4 
2 


MFM = 3V2" ® 
MFM = 1 3V2"© 


WCK Active Time (High) 


To 


80 


250 


350 


ns 




WCK Rise Time 


T 






20 


ns 




WCK Fall Time 


T 






20 


ns 




Pre-Shift Delay Time from WCK T 


TcP 


20 




100 


ns 




WDA Delay Time from WCK T 


To. 


20 




100 


ns 




RDD Active Time (High) 


'RDD 


40 






ns 




Window Cycle Time 


TwCY 




2.0 
1.0 




ixs 


MFM = 
MFM = 1 


Window Hold Time to/from RDD 


Irdw 

TwRD 


15 






ns 




USo , Hold Time to RW/SEEK T 


Tus 


12 






^^.s 


8 MHz Clock Period 


SEEK/RW Hold Time to LOW 
CURRENT/DIRECTION T 


TsD 


7 






(JLS 


LOW CURRENT/DIRECTION Hold 
Time to FAULT 
RESET/STEP T 


Tdst 


1.0 






|XS 


USo 1 Hold Time from FAULT RESET/ 
STEPT 


TsTU 


5.0 






^is 


STEP Active Time (High) 


Tstp 


6.0 


7.0 




|XS 


STEP Cycle Time 


Tsc 


33 


® 


(D 


M-S 


FAULT RESET Active Time (High) 


TpR 


8.0 




10 


IJLS 




! Write Data Width 




T -50 






ns 




USo, Hold Time After SEEK 


Tsu 


15 






IJLS 


8 MHz Clock Period 


Seek Hold Time from DIR 


Tds 


30 






flS 


i DIR Hold Time after STEP 


'sTD 


24 






|XS 


Index Pulse Width 


T|DX 


10 






<i>CY 




RD i Delay from DRQ 


I MR 


{ 800 






ns 


8 MHz Clock Period 


WR i Delay from DRQ 


Imw 


! 250 






ns 


WE or RD Response Time from DRQ T 


'MRW 1 




12 


JJLS 



NOTES: ®jjL Typical values for T^ = 25°C and nominal supply voltage. 

® The former value of 2 and 1 are applied to Standard Floppy, and the 

latter value of 4 and 2 are applied to Mini-floppy 
® Under Software Control. The range is from 1 ms to 16 ms at 8 MHz 

Clock Period, and 2 to 32 ms at 4 MHz Clock Period. 



® For mini-floppy applications, <t>0Y "lust be 4 mHz. 
O Sony microfloppy SVs" drive (8" compatible). 
® Sony microfloppy 31/2" drive (5W' compatible). 
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TIMING DIAGRAMS 



PROCESSOR WRITE OPERATION 
^'-. Jv 



DMA OPERATION 



^ 



-TwA 



af 



\ 



-Tmcy- 



/ 



X 



-Tdw- 



-Tmrw 



X 



WR OR RD I 



-TMW (WR) 



WRl — *J ' 'I 



■V 



SEEK OPERATION 



USo.i 



FLT RESET 

L I 

FAULT RESET = / P 

FILE UNSAFE RESET 

TpR 




J^ 



INDEX 



READ DATA 



J\ 



FDD READ OPERATION 



/\ 



I 1^ 



READ DATA WINDOW 



X 



Xz 



Note: Either polarity data window is valid. L 



-TWCY- 



^«-Tmr (rd) -*-. 




TERMINAL COUNT 





RESET 



I I 



TrsT 



SPVNDARD MICROSYSTEMS ?''?'"♦ diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
C0RF>C)RATIOIM /^^^^^^ n^^ ' '^P^sequently complete mforrriatKjn sufficient for construction purposes is not necessarily given The 

\JiUt\r'\Jt^f:^t nUI\^^^^^^^ information has been carefully checked and is believed to be entirely reliable. Howrever no resoonsibi itv is 

assumed fnr inaf^ntirarips FiirthprmDro cur^b, inf^rm^n^^ Ar^^tr. r^^* ♦« *i i '.,.. ^-.-k^ '-^'^'"ly 'o 



B« H«Kw Nv,™ assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
™ "- im-ai.me devices described any license under the patent rights of SMC or others. SMC reserves the right to make chanops 
at any time in order to improve design and supply the best product possible 
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STANDARD MICROSYSTEMS 
CmPORATION^ 




Floppy Disk 

Controller/Formatter 

FDC 



FDC 
FDC 
FDC 
FDC 
FDC 
FDC 



1791-02 
1792-02 
1793-02 
1794-02 
1795-02 
1797-02 



/iPC FAMILY 



FEATURES 

D SOFT SECTOR FORMAT COMPATIBILITY 

D AUTOMATIC TRACK SEEK WITH VERIFICATION 

D ACCOMMODATES SINGLE AND DOUBLE 

DENSITY FORMATS 

IBM 3740 Single Density (FM) 

IBM System 34 Double Density (MFM) 
D READ MODE 

Single/Multiple Sector Read with Automatic Search 
or Entire Track Read 

Selectable 128 Byte or Variable Length Record 
D WRITE MODE 

Single/Multiple Sector Write with Automatic Sector 
Search 

Entire Track Write for Diskette Initialization 
D PROGRAMMABLE CONTROLS 

Selectable Track to Track Stepping Time 

Side Select Compare 
D SYSTEM COMPATIBILITY 

Double Buffering of Data 8 Bit Bi-Directional Bus for 
Data, Control and Status 

DMA or Programmed Data Transfers 

All Inputs and Outputs are TTL Compatible 

On-chip Track and Sector Registers/Comprehensive 
Status Information 
D WRITE PRECOMPENSATION (MFM AND FM) 
D SIDE SELECT LOGIC (FDC 1795, FDC 1797) 
D WINDOW EXTENSION (IN MFM) 

GENERAL 

The FDC 179X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatter in a 
single chip implementation. The basic FDC 179X chip 
design has evolved into six specific parts: FDC 1791, 
FDC 1792, FDC 1793, FDC 1794, FDC 1795, and the 
FDC 1797. 

This FDC family performs all the functions necessary 
to read or write data to any type of floppy disk drive. 
Both 8" and 5V4" (mini-floppy) drives with single or 
double density storage capabilities are supported. 
These n-channel MOS/LSI devices will replace a large 
amount of discrete logic required for interfacing a host 
processor to a floppy disk. 

The FDC 1791 is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 
mode (MFM). The FDC 1791 contains enhanced fea- 
tures necessary to read/write and format a double 



PIN CONFIGURATION 







'^ 1 


NC 




1 40 h 


WE 


C 2 39 ] 


OS 


C 3 38 ] 


RE 




4 37 ] 


Ao 




5 36 ] 


A, 




6 35 ] 


DALO* 




7 34 ] 


DALT 




8 33 ] 










DAL 3* 




10 




31 ] 


DAL 4* 




11 




30 ] 


DAL 5* 




DAL 6* 




13 28 ] 


DAL 7* 




14 27 ] 


STEP 




15 26 ] 


DIRC 




16 25 ] 


EARLY 




17 24 ] 


LATE 




18 23 ) 


MR 




19 22 J 


GND 




20 21 ] 



+12V 

INTRQ 

PRO 

DDEN " 

WPRT 

]P 

TROO 

WF 

READY 

WD 

WG 

TG43 

HLD 

RAW READ 

RCLK 

RG/SS?J 

GLK 

HLT 

TEST 

+5V 



•INVERTED BUS FOR FDC 1791, FDC 1792, FDC 1795 

"MUST BE LEFT OPEN FOR FDC 1792 and FDC 1794 

PACKAGE: 40 pin D.LP. 



D INCORPORATES ENCODING/DECODING 

AND ADDRESS MARK CIRCUITRY 
D COMPATIBLE WITH FD179X-02 
D COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
D COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 

DATA SEPARATOR 
DESCRIPTION 

density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window ex- 
tension, and write precompensation. 

The FDC 1793 is identical to the FDC 1791 except the 
DAL lines are TRUE for systems that utilize true 
data busses. 

The FD C 1792 operates in the single density mode only. 
Pin 37 (DDEN) of the FDC 1792 must be left open for 
proper operation. The FDC 1794 is identical to the 
FDC 1792 except the DAL lines are TRUE for systems 
that utilize true data busses. The FDC 1795 adds side 
select logic to the FDC 1791. The FDC 1797 adds the 
side select logic to the FDC 1793. 
The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This 
family of controllers is configured to operate on a 
multiplexed bus with other bus-oriented devices. 
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FDC 179X BLOCK DIAGRAM 



DATA 
SHIFT 
REG 



m 



<1 



z 



t^ 



















WG 








COMPUTER 
INTERFACE 
CONTROL 


CONTROL 


PLA 

CONTROL 
(230 X 16) 


CONTROL 


DISK 
INTERFACE 
CONTROL 




TG43 


"*" 






wPRT 




^ 






ran 




WF/VFOE 




ft 






IP 




rE 






tr6(5 




W 






READY 




AO 










STEP 




A1 






DIRC 








EARLY _ 






LATE 


^ 


CLK 




RG/SSO 


* 






HLD _ 






HLT 


" 













^ DATA (8) ^ 



SYSTEM BLOCK DIAGRAM 



1" 



FLOPPY DISK 
CONTROLLER/ 
FORMATTER 



10K 
WG 



TrOT 



ONE SHOT 
(IF USED) 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 


NO CONNECTION 


NC 


This pin is internally connected to the substrate bias generator and 
must be left open. 


20 


GROUND 


Vss 


Ground 


21 


POWER SUPPLY 


Vcc 


-5V 


40 


POWER SUPPLY 


Vdd 


^12V 


19 




MR 


A logic low on this input resets the device and loads HEX 03 into 
the command register. The Not Ready (Status Bit 7) is reset during 
MR ACTIVE. When MR is brought to a logic high a Restore 
Command is executed, regardless of the state of the Ready signal 
from the drive. Also, HEX 01 is loaded into the sector register. 


MASTER RESET 


COMPUTER INTERFACE: 


2 




WE 


A logic low on this input gates data on the DAL into the selected 
register when CS is low. 


WRITE ENABLE 


3 




CS 


A logic low on this input selects the chip and the parallel 
data bus (DAL). 


CHIP SELECT 


4 




RE 


A logic low on this input controls the placement of data from a 
selected register on DAL0-DAL7 when CS is low. 


READ ENABLE 


5,6 


REGISTER SELECT 
LINES 


AG, A1 


These inputs select the register to receive/transfer 
lines under RE and WE control: 


data on the DAL 




A1 


AO 


RE 


WE 






1 

1 




1 


1 


Status Reg 
Track Reg 
Sector Reg 
Data Reg 


Command Reg 
Track Reg 
Sector Reg 
Data Reg 


7-14 


DATA ACCESS LINES 


DALO- 
DAL7 


Eight bit Bidirectional bus used for transfer of data, control, and 
status. This bus is a receiver enabled by WE or a transmitter 
enabled by RE. The Data Bus is inverted on the FDC 1791, FDC 1792 
and FDC 1795. 


24 


CLOCK 


CLK 


This input requires a free-running square wave clock for internal 
timing reference, 2 MHz for 8" drives, 1 MHz for 5V4" drives. 


38 


DATA REQUEST 


DRQ 


This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 
This signal is reset when serviced by the computer through reading 
or loading the DR in Read or Write operations, respectively. Use a 
10K pull-up resistor to +5V. 


39 


INTERRUPT REQUEST 


INTRO 


This open drain output is set at the completion or termination 
of any operation and is reset when a new command is loaded into 
the command register or the status register is read. Use a 10K 
pull-up resistor to +5V. 


FLOPPY DISK INTERFACE: 


15 


STEP 


STEP 


Step and direction motor control. The step output contains a pulse 
for each step. 


16 


DIRECTION 


DIRC 


Direction Output is active high when stepping in, active low when 
stepping out. 


17 


EARLY 


EARLY 


Indicates that the write data pulse occurring while Early is active 
(high) should be shifted early for write precompensation. 


18 


LATE 


LATE 


Indicates that the write data pulse occurring while Late is active 
(high) should be shifted late for write precompensation. 


22 










TEST 


TEST 


This input is used for testing purposes only and should be tied to 
-5V or left open by the user unless interfacing to voice coil 
actuated motors, 


23 


HEAD LOAD TIMING 


HLT 


When a logic high is found on the HLT input the head is assumed 
to be engaged. 
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PIN NO. 


NAME 


SYMBOL 


FUNCTION 


25 


READ GATE (1791/3) 


RG 


A high level on this output indicates to the data separator circuitry 
that a field of zeros for onesl has been encountered, and is used 
for synchronization. 


25 


SIDE SELECT OUTPUT 
(1795, 1797) 


SSO 


The logic level of the Side Select Output is directly controlled by 
the 'S' flag in Type II or III commands. When S = 1, SSO is set to 
a logic 1. When S=0, SSO is set to a logic 0. The Side Select Output 
is only updated at the beginning of a Type II or III command. It is 
forced to a logic upon a MASTER RESET condition. 


26 


READ CLOCK 


RCLK 


A nominal square-wave clock signal derived from the data stream 
must be provided to this input. Phasing (i.e. RCLK transitions) 
relative to RAW READ is important but polarity (RCLK high or low) 
is not. 


27 




RAW 
READ 


The data input signal directly from the drive. This input shall be a 
negative pulse for each recorded flux transition. 


RAW READ 


28 


HEAD LOAD 


HLD 


The HLD output controls the loading of the Read-Write head 
against the media. 


29 


TRACK GREATER 
THAN 43 


TG43 


This output informs the drive that the Read/Write head is positioned 
between tracks 44-76. This output is valid only during Read and 
Write Commands. 


30 


WRITE GATE 


WG 


This output is made valid before writing is to be performed 
on the diskette. 


31 


WRITE DATA 


WD 


A 250 ns (MFM) or 500 ns (FM) pulse perflux transition. WD contains 
the unique Address marks as well as data and clock in both FM and 
MFM formats. 


32 


READY 


READY 


This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated. Type 1 operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 


33 






This is a bi-directional signal used to signify writing faults at the 
drive, and to enable the external PLO data separator. When WG = 1, 
Pin 33 functions as a WF input. If WF=0, any write command will 
immediately be terminated. When WG=0, Pin 33 functions as a 


WRITE FAULT/ 
VFO ENABLE 


WFA^FOE 


VFOE output. VFOE will go low during a read operation after the 
head has loaded and settled (HLT=1). On the 1795/7, it will remain 
low until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then ao active until the last bit of the second 
CRC byte of the Data Field. On the 1791/3, VFOE will remain low 
until the end of the Data Field. 


34 




TROO 


This input informs the FDC179X that the Read/Write head is 
positioned over Track 00. 


TRACK 00 


35 




IP 


This input informs the FDC179X when the index hole is encountered 
on the diskette. 


INDEX PULSE 


36 






This input is sampled whenever a Write Command is received. 
A Ionic low terminates the command and sets the Write Protect 
Status bit. 


WRITE PROTECT 


WPRT 


37 






This pin selects either single or double density operation. When 


DOUBLE DENSITY 


DDEN 


DDEN = 0, double density is selected. When DDEN = 1, single 
density is selected. This line must be left open on the 1792/4. 
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FUNCTIONAL DESCRIPTION 



The FDC 179X-02 major functional blocks are as follows: 
Data Shift Register— This 8-bit reg ister assemb les serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 
Data Register— This 8-bit register is used as a holding 
register during Disk Read and Write operations. In Disk 
Read operations the assembled data byte is transferred 
in parallel to the Data Register from the Data Shift 
Register, In Disk Write operations 4nfofmatioA4S tmns- 
ferred in parallel from the Data Register to the Data 
Shift Register. 

When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 

Sector Register (SR)— This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera- 
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 

Command Register (CR)— This 8-blt register holds the 
command presently being executed, this register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STR)— This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 



This register can be read onto the DAL, but not loaded 
from the DAL. 

CRC Logic— This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly- 
nomial is: G(x)=x'6+xi2-|_x5 + 1. 

Tracit Register— This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head stepped in 
(towards track 76) and decremented by one when the 
head 4S stepped out ^to wards track 00). Ti^ contents 
of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy 

The CRC includes all information starting with the 
address mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 

Arithmetic/Logic Unit (ALU) — The ALU is a serial 

comparator, incrementer, and decrementer and is used 

for register modification and comparisons with the disk 

recorded ID field. 

Timing and Controi— All computer and Floppy Disk 

Interface controls are generated through this logic. The 

Internal device timing Is generated from an external 

crystal clock. 

AIM Detector— The address mark detector detects ID, 

data and index address marks during ready and 

write operations. 



OPERATION 



FDC 1791, FDC 1793, FDC 1795 and FDC 1797 ha ve two 
modes of oper ation a ccording to the state of DDEN 
(Pin 37). When DDEN = 1, single density is selected. In 
either case, the CLK input (Pin 24) is at 2 MHz. However, 
when interfacing with the mini-floppy, the CLK input is 
set at 1 MHz for both single density and double density. 
When the clock is at 2 MHz, the stepping rates of 3, 6, 10, 
and 15 ms are obtainable. When CLK equals 1 MHz these 
times are doubled. 
DDEN must be left open forthe FDC 1792 and FDC 1794. 

Disk Read Operation 

Sector lengths of 128, 256, 512 or 10 24 are obtainable 
in either FM or MFM formats. For FM, D DEN sh ould be 
placed to logical "1." For MFM formats, DDEN should 
be placed to a logical "0." Sector lengths are determined 
at format time by a special byte In the "ID" field. If this 
Sector length byte in the ID field is zero, then the sector 
length is 128 bytes. If 01 then 256 bytes. If 02, then 
512 bytes. If 03, then the sector length Is 1024 bytes. 
The number of sectors per track can be from 1 to 255 
sectors. The number of tracks is from to 255 tracks. 

For read operations, the FDC 179X requires RAW READ 
Data (Pin 27) signal which is a 250 ns pulse per flux 
transition and a Read clock (RCLK) signal to indicate 
flux transition spacings. The RCLK (Pin 26) signal is 



provided by some drives but if not. It may be derived 
externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) which can be used to inform phase 
lock loops when to acquire synchronization. When 
reading from the media in FM, RG is made true when 
2 bytes of zeroes are detected. The FDC179X must find 
an address mark within the next 10 bytes; otherwise RG 
is reset and the search for 2 bytes of zeroes begins all 
over again. If an address mark is found within 10 bytes, 
RG remains true as long as the FDC179X is deriving any 
useful information from the data stream. Similarly for 
MFM, RG is made active when 4 bytes of "00" or "FF" are 
detected. The FDC179X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. 

During read operations (WG=0), the VFOE (Pin 33) is 
provided for phase lock loop synchronization. VFOE 
will go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 179 X is inspecting data off the disk 

If WFA/FOE is not used, leave open or tie to a 10K 
resistor to +5. 

On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 
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transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. The Read operation con- 
tinues until the end of sector is reached. 

Disk Write Operation 

When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC179X before the Write Gate signal can be activated. 
Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi- 
ately terminated, an interrupt i s generated and the Write 
Protect status bit is set. The Write Fault input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec- 
tion of this fault the FDC179X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. 
For write operations, the FDC179X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write d ata 
consists of a series of 500 ns pulses in FM (DDEN = 1) 



and 250 ns pulses in MFM (DDEN=0). Write Data pro- 
vides the unique address marks in both formats. 

Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early. LATE 
is active true when the WD pulse is to be written LATE. 
If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu- 
facturer to disk manufacturer, the actual value is 
determined by several one shots or delay lines which are 
located external to the FDC179X. The write precompen- 
sation signals EARLY and LATE are vaiid for the duration 
of WD in both FM and MFM formats. 

On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 

At the completion of every command an INTRO is 
generated. INTRO is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRO is generated if a Force 
Interrupt command condition is met. 



COMMAND WORDS 



The FDC179X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener- 
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 



Table 1. Command Summary 







BITS 


COMMAND 


TYPE 


7 6 5 4 3 2 10 


Restore 
Seek 
Step 
Step In 
Step Out 
Read Sector 
Write Sector 
Read Address 
Read Track 
Write Track 
Force Interrupt 


II 
II 
III 
III 
III 
IV 


h V ri ro 
1 h V ri ro 
1 u h V ri ro 
1 u h V ri ro 

1 1 u h V ri ro 

1 m Fj E Fi 
1 1 m F2 E Fi ao 
1 1 E 
1 1 1 E 
1 1 1 1 E 

1 1 1 I3 l2 li lo 



Type I Commands 

The Type I Commands are Restore, Seek, Step, Step-in, 
and Step-Out. Each of the Type I Commands contains a 
rate field (rori), which determines the stepping motor 
rate as defined in Table 2. 

The Type I Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h = 1, the head is loaded at the 
beginning of the command (HLD output is made active). 
If h=0, HLD is deactivated. Once the head is loaded, 
the head will remain engaged until the FDC179X receives 
a command that specifically disengages the head. If 
the FDC179X is idle (busy=0) for 15 revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive). 

The Type I Commands also contain a verification (V) 
flag which determines if a verification operation is to 
take place on the destination track. If V=1, a verification 
is performed, if V=0, no verification is performed. 
During verification, the head is loaded and after an 
internal 15 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID field 
if read off the disk, The track address of the ID field is 
then compared to the Track Register; if there is a match 
and a valid ID CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but there is valid ID CRC, an interrupt 
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is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there is a match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after four revolutions of the 
disk, the FDC179X terminates the operation and sends 
an interrupt (INTRQ). 

The Step, Step-In, and Step-Out commands contain an 
Update flag (u). When u = 1, the track register is updated 
by one for each step. When u=0, the track register is 
not updated. 

On the FDG 4795/7 dev4Ges, ih& SSO otitput Is rwjt 
affected during Type 1 commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. 

Restore (Seek Track 0) 



Upon receipt of thi s com mand the Track 00 (TROO) 
input is sampled, if TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Registe r is lo aded with zeroes and an interrupt is gener- 
ated. If TROO is not active low, stepping pulses (pins 15 
to 1 6) at a rate specified by the riro field are issued until 
the TROO input is activated. At this time the Track 
Register is l oaded with zeroes and an interrupt is gener- 
ated. If the TROO input does not go active low after 255 
stepping pulses, the FDC179X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 
operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 
the Restore command is executed when MR goes from 
an active to an inactive state. 

Seek 

This command assumes that the Track Register contains 
the track number of the current position of the Read- 
Write head and the Data Register contains the desired 
track number. The FDC179X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. 

Step 

Upon receipt of this command, the FDC179X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 

Step-in 

Upon receipt of this command, the FDC179X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 



Step-Out 

Upon receipt of this command, the FDC179X issues one 
stepping pulse in the direction towards track 0. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 

Head Positioning 

The period of each positioning step is specified by the 
r field in bits 1 and of the command word. After the 
last directional step an add i t ional 15 miliiseconds of 
head settling time takes place if the Verify flag is set in 
Type I commands. Note th at this time doubles to 30 ms 
for a 1 MHz clock. If TEST=0, there is zero settling time. 
There is also a 15 ms head settling time if the E flag is set 
in any Type II or III command. 

The rates (shown in Table 2) can be applied to a Step- 
Direction Motor through the device interface. 
Step— A2^fs(MFM) or4/ys(FM) pulse is provided as an 
output to the drive. For every step pulse issued, the 
drive moves one track location in a direction determined 
by the direction output. 

Direction (DIRC)— The Direction signal is active high 
when stepping in and low when stepping out. The Direc- 
tion signal is valid 12 fjs before the first stepping pulse 
is generated. 

When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V= 1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 15 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRQ is generated with no errors. The FDC179X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and an INTRQ is generated. 







Table 2. 


Stepping Rates 






clk: 
dden: 
ri ro 


2 MHz 


TEST=1 


2 MHz 

1 
TEST=1 


1 MHz 


TEST=1 


1 MHz 

1 
TEST=1 


2 MHz 

X 
TEST=0 


1 MHz 

X 

TEST=0 




1 

1 
1 1 


3 ms 

6 ms 

10 ms 

15 ms 


3 ms 
6 ms 

10 ms 
15 ms 


6 ms 
12 ms 
20 ms 
30 ms 


6 ms 
12 ms 
20 ms 
30 ms 


^S4fJS 

190ps 
198a(S 
208fjs 


368fis 
380fjs 
396//S 
416//S 



The Head Load (HLD) output controls the movement of 
the read/write head against the media. HLD is activated 
at the beginning of a Type I command if the h flag is 
set (h=1), at the end of the Type I command if the verify 
flag (V=1), or upon receipt of any Type II or III command. 
Once HLD is active it remains active until either a Type I 
command is received with (h=0 and V=0); or if the 
FDC179X is in an idle state (non-busy) and 15 index 
pulses have occurred. 

Head Load Timing (HLT) is an input to the FDC179X 
which is used for the head engage time. When HLT=1, 
the FDC179X assumes the head is completely engaged. 
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The head engage time is typically 30 to 100 ms depend- 
ing on drive. The low to high transition on HLD is 
typically used to fire a one shot. The output of the one 
shot is then used for HLT and supplied as an input to 
the FDC179X. 



HLD/- 



f- 



SOTOIOOmS 



HLT (FROM ONE SHOT) 



Head Load Timing 

When both HLD and HLT are true, the FDC179X will then 
read from or write to the media. The "and" of HLD and 
HLT appears as a status bit in Type I status. 



TYPE I COMMANDS FLAG SUMMARY 



h = Head Load Flag (Bits) 
h = 1, Load head at beginning 
h=0, Unload head at beginning 

V= Verify flag (Bit 2) 

V=1, Verify on destination track 
V=0, No verify 

ri ro= Stepping motor rate (Bits 1-0) 

Refer to Table 2 for rate summary 
u = Update flag (Bit 4) 

u=1, Update Track register 
u=0, No update 



Type II Commands 

The Type II Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type II Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number. Upon 
receipt of the Type II command, the busy status Bit is 
set. If the E flag =1 (this is the normal case) HLD is made 
active and HLT is sampled until true after a 15 msec delay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until tfue. The ID field and Data Field 
format are shown below. 

»»iioii ail iL-» iiciu io luuaicu ui I II ic uisi\, lire ri_»oi/s7A 

compares the Track Number on the ID field with the 
Track Register. If there is not a match, the next encountered 
ID field is read and a comparison is again made. If there 



is a match, the Sector Number of the ID field is compared 
with the Sector Register. If there is not a Sector match, 
the next encountered ID field is read off the disk and 
comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 
into, or read from depending upon the command. The 
f-DC179X must f'nd an 'D *ie!d with a Track "Ltrr.bcr 
Sector number, side number, and CRC within four 
revolutions of the disk; otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter- 
minated with an interrupt. 

Each of the Type II Commands contains an (m) flag 

VA/hinh Hoforminoc if miilflrtlp rai^nrria Icar^inroS ^ra to Ks 

read or written, depending upon the command. If m=0, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m = 1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FDC179X will read 
or write multiple records starting with the sector presently 
in the sector register. The FDC179X will continue to read 
or write multiple records and update the sector register 
until the sector register exceeds the number of sectors 
on the track or until the Force Interrupt command is 
loaded into the Command Register, which terminates 
the command and generates an interrupt. 

If the Sector Register exceeds the number of sectors on 
the track, the Record-Not-Found status bit will be set. 
The Type II commands also contain side select compare 
flags. When 0=0, no side comparison is made. When 
0=1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 179X continues with the ID 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 

The FDC1795/7 READ SECTOR and WRITE SECTOR 
commands include a 'b' flag. The 'b' flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector. For IBM 
compatability, the 'b' flag should be set to a one. The 
's' flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 



Sector Length Table (1791/2/3/4 only) 



Sector Length 
Field (hex) 



Number of Bytes 
in Sector (decimal) 



00 
01 
02 
03 



128 

256 

512 

1024 



Field Format 



GAP 
III 


ID 
AM 


TRACK 
NUMBER 


SIDE 
NUMBER 


SECTOR 
NUMBER 


SECTOR 
LENGTH 


CRC 

1 


CRC 
2 


GAP 
II 


DATA 
AM 


DATA FIELD 


CRC 

1 


CRC 
2 


ID FIELD 


DATA FIELD 



In MFMonly, IDAMand DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing. 
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Read Sector 

Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not- 
Found status bit is set and the operation is terminated. 
When the first character or byte of the data field has 

Kopn ghi ft oH fhrr\i inh th o P^Q P it ic t rong f orrQ/H fr\ tha P^P 
L/t^oiT oi III IC\J Ll n wU^l I LI it; t/Ori, it lo If a\ lolci i "Lr Ivy tiTC l-^tt, 

and DRQ is generated. When the next byte is accumu- 
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com- 
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data field, the 
CRC error status bit is set, and the command is termi- 
nated (even if it is a multiple record command). 
At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register (Bit 5) as shown below: 

STATUS 
BITS 



Write Sector 

Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC179X counts off 11 bytes in single density and 22 
bytes in double density from the CRC field and the Write 
Gate (WG) output is made active if the DRQ is serviced 
(i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 
the Lost Data status bit is set. If the DRQ has bee4i^er- 
viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the ao field 
of the command as shown below: 



ao 



Data Address Mark (Bit 0) 



Deleted Data Mark 
Data Mark 



Deleted Data Mark 
Data Mark 



The FDC179X then writes the data field and generates 
DRQ's to the computer. If the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com- 
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. 



BIT 


COMMAND 


7 


6 


5 


4 


3 


2 


1 





1 








m 


F2 


E 


Fi 





READ SECTOR 


1 





1 


m 


F2 


E 


F, 


ao 


WRITE SECTOR 



riAXA Anr-iDcco h/iadu- /., i ro=Wnte hex FB (data) into Data Address Mark field 
DATA ADDRESS MARK (ao) — ., ,,, ^ u r-o /\j i-./_j j_t > ^ r^ ^ a...- u 
^ ' LI = Write hex F8 (deleted data) into Data AM field 

F, (1791/3) SIDE COMPARE FLAG (C)^;?^^: IHS^ tester' 

F, (1795/7) SIDE SELECT FLAG (S) _[0=UPdate SSO to 



=Update SSO to 1 



DELAY 



,p, ro=No delay between HLD activation and HLT Sampling 

' ' Li =15 ms delay between HLD activating and HLT Sampling 

F. (1791/3) SIDE SELECT FLAG (S) -^.^Z^l £ s12 ' 



Fj (1795/7) SECTOR LENGTH FLAG {b)[^^ 



Sector Length Field 
00 01 10 11 



256 512 1024 128 
128 256 512 1024 



.;ii ii-rioi 1- or-^-r^r-,0 / i rO= Read (or Write) Single Sectors 
MULTIPLE SECTORS (m) "L^^ Read (or Write) MuKiple Sectors 



Figure 1. Type II and III Flag Summary 
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Type III Commands 

There are three Type III Commands: 

• READ ADDRESS— Read the next ID field (6 bytes) 
into the FDC. 

• READ TRACK— Read all bytes of the entire track, 
including gaps. 

• WRITE TRACK— Write all bytes to the entire track, 
including gaps. 

Read Address 

Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the 
six data bytes of the ID field are assembled and trans- 
ferred to the DR, and a DRQ is generated for each byte. 
The six bytes of the ID field are shown below: 



TRACK 
ADDR 


SIDE 
NUMBER 


SECTOR 
ADDRESS 


SECTOR 
LENGTH 


CRC 

1 


CRC 
2 


1 


2 


3 


4 


5 


6 



Although the CRC characters are transferred to the 
computer, the FDC179X checks for validity and the CRC 



error status bit is set if there is a CRC error. The Track 
Address of the ID field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. 
Read Track 

Upon receipt of the Read Track command, the head is 
loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte is assembled it is transferred to the Data Register 
and the Data Request is generated for each byte. No 
CRC checking is performed. Gaps are included in the 
input data stream, The accumulation of bytes is synchro- 
nized to each Address Mark encountered. Upon com- 
pletion of the command, the interrupt is activated. RG 
is not activated during the Read Track Command. An 
internal side compare is not performed during a 
Read Track. 

Write Track 

Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 




01-1A 
01 -OF 
01-08 



■DR=F5 WRITE 3 TIMES MFM ONLY 



Figure 2. IBM Compatible Sector/Track Fomiat 
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time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing will not start until after the first byte has been 
loaded into the Data Register. If the DR has not been 
loaded by the time the index pulse is encountered the 
operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 
If a byte is not present in the DR when needed, a byte of 
zeros is substituted. Address Marks and CRC characters 
are written on the disk by detecting certain data byte 
patterns in the outgoing data stream as shown in the 
table below. The CRC generator is initialized when any 
dat« byte from F8 toFE is atjout to be tfansferred from 
the DR to the DSR in FM or by receipt of F5 in MFIVI. 
Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper formatting. This includes 
gap as well as data bytes. 

The sequence required to format a diskette begins with 
positioning the Read/Write head at the desired track. 
Once this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
illustrates the IBM standard for track formatting. 
Normally, each data byte stored on the diskette must 
be generated by the system MPU and passed into the 
FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex F5 through FE is entered 
into the Data Register, then the FDC recognizes this as 
an AM with missing clocks or CRC generation code. 
Consequently, F5 through FE must not be used in gaps, 
data fields, or ID fields, as this will disrupt normal opera- 
tion of the FDC during formatting. 



Type IV Commands 

Force Interrupt is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command in progress. Figure 3 tabulates the Type IV 
command option bits. 

The four bits, I0-I3, are used to select the condition of the 
interrupt occurrence. Regardless of which bit is set, any 
command currently being executed is immediately 
terminated and the Busy status bit is cleared, indicating 
"Not Busy". Then, when the condition is met, INTRQ 
goes high, causing the required interrupt. 

tf to-la are att "6", no interrupt occurs, tjut any currently 
executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 
To clear the interrupt, it is necessary to read the Status 
Register or to write the Command Register. An exception, 
however, is for 13=1 (Immediate Interrupt). For this case, 
the interrupt is cleared with another Force Interrupt 
command with I0-I3 all low. 

Status Register 

The Status Register permits the MPU to monitora variety 
of conditions in the FDC. For each command, the 
individual status bits have their own meaning. When a 
command is initiated (except for the Force Interrupt 
command), the Busy status bit is set and the others are 
cleared or updated. If the Force Interrupt command is 
entered when another command is in progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 
is initiated when there is not another command in pro- 
gress, the other status bits are cleared or updated and 
represent the Type I Command status. Figure4 illustrates 
the meaning of the status bits for each command. 











BIT 






7 


6 


5 


4 


3 


2 


1 





COMMAND 


1 


1 





1 


I3 


1: 


I1 


lo 


FORCE INTERRUPT 


• 










— READY TRANSITION- 


0=No effect 

^1=Forces INTRQ when READY input goes low-to-high 

p._.^,_r~0=Noeffect 
'^'^~1_1 = Forces INTRQ when READY input goes high-to-low 

No Effect 






IMPlCV Ql II OC J 




|_1 = Forces INTRQ on next INDEX pulse input 

-r...T^ ro= No effect 














—■••■- 1 1 = Forces INTRQ immediately 

Figure 3. Force Interrupt Command Flags 
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Figure 4A. Status Register Summary 



COMMAND 


STATUS BIT 1 


7 


6 


5 


4 


3 


2 


1 





ALL TYPE 1 


Not Ready 


Write Protect 


Head Loaded 


Seek Error 


CRC Error 


Track 


Index 


Busy 


READ SECTOR 


Not Ready 





Record Type 


Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


WRITE SECTOR 


Not Ready 


Write Protect 


Write Fault 


Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


READ ADDRESS 


Not Ready 








Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


READ TRACK 


Not Ready 














Lost Data 


DRQ 


Busy 


WRITE TRACK 


Not Ready 


Write Protect 


Write Fault 








Lost Data 


DRQ 


Busy 



Figure 4B. Status Description for Type I Commands 



BIT 


NAME 


MEANING 


S7 


NOT READY 


This bit wiien set indicates tiie drive is not ready. When reset it indicates that the drive is 
ready. This bit is an inverted copy of the Ready input and logically 'ored' with MR. 


S6 


PROTECTED 


When set, indicates write Protect is activated. This bit is an inverted copy of WRPT input. 


S5 


HEAD LOADED 


When set, it indicates the head is loaded and engaged. This bit is a logical "and" of HLD 
and HLT signals. 


S4 


SEEK ERROR 


When set, the desired track was not verified. This bit is reset to when updated. 


S3 


CRC ERROR 


CRC encountered in ID field. 


S2 


TRACK 00 


When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted copy 
of the TROO input. 


SI 


INDEX 


When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 


SO 


BUSY 


When set command is in progress. When reset no command is in progress. 



Figure 4C. Status Description for Type 11 and Hi Commands 



BIT 


NAME 1 MEANING 1 


S7 


NOT READY 


This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and 'ored' with MR. The Type II 
and III Commands will not execute unless the drive is ready. 


S6 


WRITE PROTECT 


On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
Protect. This bit is reset when updated. 


S5 


RECORD TYPE/ 
WRITE FAULT 


On Read Record: It indicates the record-type code from data field address mark. 

1 ^^\^M^<\^\^ h^uhu iviuii\. V— t^GiG iviGirx. ^•i) aiijr »¥iilo. iL II iuiociic;o a vviiio r auiL. i iio uii lo 

reset when updated. 


S4 


RECORD NOT 
FOUND (RNF) 


When set, it indicates that the desired track, sector, or side were not found. This bit is reset 
when updated. 


S3 


CRC ERROR 


If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data 
field. This bit is reset when updated. 


S2 


LOST DATA 


When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 


SI 


DATA REQUEST 


This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation 
or the DR is empty on a Write operation. This bit is reset to zero when updated. 


SO 


BUSY 


When set, command is under execution. When reset, no command is under execution. 
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Write Data Timing: 



PARAMETER 



Write Data Pulse Width 

Write Gate to Write Data 

Write data cyle Time 
Earjy (Late) to Write Data 
Early (Late) From 
Write Data 
Write Gate off from WD 

WD Valid to Clk 

WD Valid after Clk 



SYMBOL 



'wp 
Twg 

Tbc 
Ts 
Th 

Twf 

Twdl 

Twd2 



MIN. 



450 
150 



125 
125 



100 
50 

100 
30 



TYP 



500 
200 

2 

1 
2, 3, or 4 



MAX. 



550 
250 



UNITS 



nsec 
nsec 
yusec 
/usee 
fj&ec 
nsec 
nsec 

fisec 
//sec 
nsec 
nsec 
nsec 
nsec 



CONDITIONS 



FM 
MFM 

FM 

MFM 

±CLK Error 

MFM 

MFM 

FM 
MFM 
CLK=1 MHZ 
CLK=2 MHZ 
CLK=1 MHZ 
CLK=2 MHZ 



These values are doubled when CLK=1 MHz. 



Write Data Timing 



WRITE GATE __j~ 



L 



m n 



-\ \^ ^'^ 



EARLY OR LATE 
(IF ON) 



CLK 
(1MHZ) ■ 



CLK 
(2MHZ) 



Twdl 



^^^^ 



H 



Twd2 



L 





l-« 125 ^ 










y/////A 


Y/////A 


Twdl *\ 





WRITE DATA/ CLOCK RELATIONSHIP 
(DDEN=0) 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -SS^C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +15V 

Negative Voltage on any Pin, with respect to ground -0.3V 

^Stresses above mose listed may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or at any other condition above those indicated in the operational 

sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
orghtches'^or^theirjDutp^uts when^he AC power is switched on and pff. In addition, voltage transients on the 
. .w power .ine may appear on ti le ww output. If this possibility exists it is suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (Ta=0°C to 70° C, Vcc= 



PARAMETER 



SYMBOL 



MIN 



DC CHARACTERISTICS 






Input Voltage Levels 






Low Level, Vil 






High Level, Vih 






Output Voltage Levels 






Low Level Vol 






High Level Voh 






Output Leakage, Lo 






Input Leakage, Iil 






Output Capacitance 






Input Capacitance 






Power Dissipation 






AC CHARACTERISTICS 






Processor Read Timing 






Address Setup Time 




tsETR 


Address Hold Time 




tHLOR 


^ Pulse Width (Cl=50pF) 




tRE 


DftQ Reset Time 




toRR 


INTRO Reset Time 




tiRR 


Data Delay Time (Cl=50pF) 


toACC 


Data Hold Time (Cl=50pF) 




toOH 


Microprocessor Write Timing 






Address Setup Time 




tsETW 


Address Hold Time 




tHLDW 


WE Pulse Width 




twE 


DRQ Reset Time 




toRR 


INTRO Reset Time 




tiRR 


Data Setup Time 




tos 


Data Hold Time 




toH 


Disk Input Data Timing 






RAWREAD Pulse Width 




tpw 


Clock Setup Time 




td 


Clock Hold Time for MFM 




tcd 


Clock Hold Time for FM 




tcs 


RAWREAD Cycle Time 




tbc 


RCLK High Pulse Width 


MFM 
FM 


ta 


noi_r\ u<jw ruioc vviuiil 


MFM 




FM 


tb 


RCLK Cycle Time 


MFM 
FM 


tc 


Miscellaneous Timing 






CLK Low Pulse Width 




tcDI 


CLK High Pulse Width 




tcDZ 


STEP Pulse Width 


MFM 
FM 


tsTP 


DIRC Setup Time 




toiR 


MR Pulse Width 




tlUIR 


IP Pulse Width 




tip 


WF Pulse Width 




twF 


CLK Cycle Time 




tcYC 



+5V±5%, Vdd=+12V±5% unless otherwise noted) 
TYP MAX UNIT COMMENTS 



*: These Values are doubled when CLK = 1 MHz. 



2.6 



2.8 



50 
10 
400 



50 

50 
10 
350 



250 
70 

100* 
40 
40 
40 

1500 
0.8 
0.8 
0.8 
0.8 



230 
200 

2* 
4* 

50* 
10* 
10* 



5 
10 



500* 



500* 



200 



1* 
2* 
1* 
2* 
2* 
4* 

250 
250 



12 



0.5* 



0.8 



0.45 

10 
10 



500 



500 

3000* 

350 

150 



500 
3000* 



20000 
20000 



V 
V 

V 
V 

/"A 
/"A 
Pf 
Pf 
mW 



ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 

fiS 
fJlS 
fJS 
AfS 
fJS 

Afs 

ns 
ns 

fiS 
/US 
/US 
/US 
fJS 

/us 

/US 



loL=1.6 mA 

loH=100AfA 

Vout=Vdd 

Vin=Vdd 



Figure 5 
Figure 5 
Figure 5 
Figure 5 
Figure 5 
Figure 5 
Figure 5 

Figure 6 
Figure 6 
Figure 6 
Figure 6 
Figure 6 
Figure 6 
Figure 6 

Figure 7, See Note 
Figure 7 See Note 
Figure 7 
Figure 7 
1800 at 70° C, Figure 7 
Figure 7 
Figure 7 

Pinlira 7 

i I^Wi 7 , 

Figure 7 
Figure 7 
Figure 7 

Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
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Figure 5. 
Microprocessor 
Read Timing 



r 



^ 

Ao,A, 



-16;fi * (MFM) or 32/us * (FM) - 



d 



zxm 



— x: 



H t 



<inz> 



*1 Tdoh r* — 



1 



Figure 6. 
[Microprocessor 
Write Timing 



Figure 7. 
Disk Input 
Timing 



^ Tdrr * 

1 



-16^*(MFM)or32/;ffi* (FM) ■ 



V 



Ao.Ai 



DC 

^ r 



^ Thld !"■ 

— tHcz: 



— ^ Tds r* — 

-CjZ3 



— "H Tdh ■• 



- ^• 



I ta H 



Note: Pulse width on RAW READ (Pin 27) is norr/ally 10-30'J ns. However, pulse may be any width if pulse is entirely 
within window. If pulse occurs in both windows, then pulse width must be less than 300 ns for MFM at CLK =2 MHz and 
600 ns for FM at 2 MHz. Times double for 1 MHz, 



Figure 8. 

iVIiscellaneous 

Timing 



A 



L»Tdib»>I [•• TsTP 

' n 



I^TdibW^ 



J~L 
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DISK FORMATS 



Disks may be formatted in IBIV1 3740 or System 34 
formats witin sector iengtlis of 128, 256, 512, or 
1024 bytes. 
IBM 3740 Format 

This single-density (FM) format utilizes 128 bytes/ 
sector The bytes to be generated by the system 
MPU for use in the execution of the Write Track 
command are shown in Figure 9. 

■BM System 34 Format 

This double-density (MFM) format utilizes 256 
bytes/sector. The bytes to be generated by the 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 

Non-IBM Formats 

Unique (non-IBM) formats are permissible provid- 
ing the following restrictions are understood. 

• Sector length may only be 128, 256, 512, or 
1024 bytes. 

• Gap sizes must conform to Figure 11. 



ONE 
SECTOR — I 

® 



ONE 
SECTOR — 

® 



Figure 9. 
Byte Sequence 
for IBM 3740 
Formatting 



DATA 
BYTE 
(hex) 


NO. OF 
BYTES 


COMMENTS 


FF 


40" 




_Gap5 
"(Post Index) 


00 


ej 






FC 


1 


Index AM 


FF 


26" 




-Gapl 


OO 


6 






FE 




ID AM 


XX 




Track Number 
(00-4C) 


OX 




Side Number 
(00 or 01) 


XX 




Sector Number 
(01-1A) 


00 




Sector Length 
(128 bytes) 


F7 




Causes 2-Byte 
ORG to be 
Written 


FF 
00 


11 - 


■Gap 2 (ID Gap) 


FB 




Data AM 


E5 


128 


Data Field 


FT 




Causes 2-Byte 
CRC to be 
Written 


FF 


27 
247® 


Part of Gap 3 
(Data Gap) 


FF 


Gap 4 
(Pre Index) 



NOTES; 1. THIS PATTERN MUST BE 

WRITTEN 26 TIMES PER TRACK. 
2. CONTINUE WRITING HEX FF 
UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRO INTERRUPT 



Figure ia 
Byte Sequence 
for IBM Sysiem-34 
Formatting 





DATA 
BYTE 
(hex) 


NO. OF 
BYTES 


COMMENTS 




'•= 


5G _ 


_Gap 

(Post Index) 




00 


12. 






F6 


3 


Writes C2 




FC 


1 


Index AM 


p 


4E 
00 


50 

12J Gapl 




F5 


3 


Writes A1 




FE 


1 


10 AM 




XX 


1 


Track Number 
(00-4C) 




OX 


1 


Side Number 
(00 or 01) 




XX 


1 


Sector Number 
(01-1 A) 




01 


1 


Sector Length 
(256 Bytes) 




F7 


1 


Causes 2-Byte 
CRC to be 
Written 




4E 
00 


22" --Gap 2 (ID Gap) 
12J 




F5 


3 


Writes A1 




FB 


1 


Data AM 




40 


256 


Data Field 




F7 


1 


Causes 2-Byte 
CRC to be 
Written 




4E 


54 


Part of Gap 3 


'- 




598® 


(Data Gap) 




4E 


Gap 4 








(Pre Index) 



1. THIS PATTERN MUST BE 
WRITTEN 26 TIMES PER 
TRACK. 

2. CONTINUE WRITING HEX 
4E UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRO INTERRUPT. 



GAP 


SINGLE 

DENSITY 

(FM) 


DOUBLE 

DENSITY 

(MFM) 


1 
NOTE 


Gapl 


16 bytes FF 


16 bytes 4E 


2 


Gap 2 


11 bytes FF 
6 bytes 00 


22 bytes 4F 
12 bytes 00 
3 bytes A1 


1 


Gap 3 


10 bytes FF 
4 bytes 00 


16 bytes 4E 
8 bytes 00 
3 bytes A1 


2 


Gap 4 


16 bytes FF 


16 bytes 4E 


2 



NOTES: 1. THESE BYTES COUNTS ARE EXACT 

2. THESE BYTES COUNTS ARE MINIMUM 
EXCEPT FOR 3 BYTES A1. WHICH IS EXACT 



Figure 11. Gap Size Limitations 



SIANDARD MICROSYSTEMS 
CORPORATlONi 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete Information sufficient for construction purposes Is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaserof the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION .i^^^^ 



FDC 9216 
FDC 9216B 

IJPC FAMILY 



Floppy Disk Data Separator 
FDDS 



FEATURES 

D PERFORMS COMPLETE DATA SEPARATION 

FUNCTION FOR FLOPPY DISK DRIVES 
D SEPARATES FM OR MFM ENCODED DATA 

FROM ANY MAGNETIC MEDIA 
D ELIMINATES SEVERAL SSI AND 
MSI DEVICES NORMALLY USED FOR 
DATA SEPARATION 
D NO CRITICAL ADJUSTMENTS REQUIRED 
□ COMPATIBLE WITH STANDARD 

MICROSYSTEMS' FDC 1791, FDC 1793 AND 
OTHER FLOPPY DISK CONTROLLERS 
D SMALL 8-PIN DUAL-IN-LINE PACKAGE 
D+5 VOLT ONLY POWER SUPPLY 
DTTL COMPATIBLE INPUTS AND OUTPUTS 



PIN CONFIGURATION 



DSKD 


C 


1 


8 


H 


SEPCLK 


C 


2 


7 


D 


REFCLK 


C 


3 


6 


3 


GND 


C4 


5 


H 



Vd 



SEPD 

CD1 

CDO 



GENERAL DESCRIPTION 



The Floppy Disk Data Separator provides a low cost 
solution to the problem of converting a single stream of 
pulses from a floppy disk drive into separate Clock and 
Data inputs for a Floppy Disk Controller. 

The FDDS consists primarily of a clock divider, a long- 
term timing corrector, a short-term timing corrector, and 
reclocking circuitry. Supplied in an 8-pin Dual-ln-Line 



package to save board real estate, the FDDS operates 
on +5 volts only and is TTL compatible on all inputs 
and outputs. 

The FDC 9216 is available in two versions; the FDC 9216, 
which is intended for SVV disks and the FDC 9216B for 
5V4" and 8" disks. 



CDO- 
CD1- 











— +5V 
— fiNin 




CLOCK 
DIVIDER 
































\ 






DATA/CLOCK 

SEPARATION 

LOGIC 






PULSE 

REGENERATION 

LOGIC 




























' 










EDGE 
























LOGIC 


- 













•SEPCLK 
-SEPD 



FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 



1 
2 

3 
4 
5,6 



NAME 



Disk Data 
Separated Clock 

Reference Clock 
Ground 
Clock Divisor 



SYMBOL 



Separated Data 
Power Supply 



DSKD 
SEPCLK 

REFCLK 
GND 

cpo, 

GD1 



SEPD 

Vdd 



FUNCTION 



Data input signal direct from disk drive. Contains combined 

ulOuk diiu daid waveform. 

Clock signal output from the FDDS derived from floppy 

disk drive serial bit stream. 

Reference clock input 

Ground 

CDO and CD1 control the internal clock divider circuit. The 

internal clock is a submultiple of the REFCLK according to 

the following table: 

CD1 CDO Divisor 
1 

1 2 

1 4 
1 1 8 

SEPD is the data output of the FDDS 

+5 volt power supply 



FIGURE 1 

TYPICAL SYSTEM CONFIGURATION 

(5V4" Drive, Double Density) 





4 MHz CRYSTAL 
OSCILLATOR 
















^4 


1MHz 






1 






, : 


' 








i 


FLOPPY 

DISK 

DRIVE 


DISK DATA 


REFCLK 

SEPD 

DSKD FDC 9216 

SEPCLK 
CDO GDI 


REGENERATED DATA 


CLK 


DERIVED CLOCK 


FDC 1791 or Equlv. 
FLOPPY DISK CONTROLLER 

RCLK 










GN 


DGND 
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OPERATION 



A reference clock (REFCLK) of between 2 and 8 MHz 
is divided by the FDDS to provide an internal clock. 
The division ratio is selected by inputs CDO and GDI. 
The reference clock and division ratio should be 
chosen per table 1. 

The FDDS detects the leading edges of the disk data 
pulses and adjusts the phase of the internal clock 
to provide ttre S€PARATEf) CLOCK output. 



Separate short and long term timing correctors 
assure accurate clock separation. 

The internal clock frequency is nominally 16 times 
the SEPCLK frequency. Depending on the internal 
timing correction, the internal clock may be a 
minimum of 12 times to a maximum of 22 times the 
SEPCLK frequency. 

Ttre relerence clock (FfEFCLK) is divided to provide 
the internal clock according to pins CDO and GDI. 



TABLE 1: 
CLOCK DIVIDER SELECTION TABLE 



DRIVE 

(8" or 51/4") 


DENSITY 
(DD or SD) 


REFCLK 
MHz 


CD1 


CDO 


REMARKS 


8 


DD 


8 








]. 


8 
8 


SD 
SD 


8 

4 






1 




pSelect either one 


5V4 
5V4 


DD 
DD 


8 

4 






1 




^Select either one 


5V4 
5V4 
5V4 


SD 
SD 
SD 


8 
4 
2 





? 




rSelectanyone 



FIGURE 2 



iNTCLK _rijriJiJiJiiTJi_riJiJTJiJ~LJijrixLJixTjnxLr^^ 

SEPCLK I I 1 I 



SEPD 



U 



always two intemal clock cycles 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 



Pncitiv/o Vnltanp nn anv Pin with rocnoot tn nrrmnri 



Negative Voltage on any Pin, with respect to ground -0.3V 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only 

and functional operation of the device at these or at any other condition above those indicated in the 

operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that 

the Absolute Maximum Ratings not be exceeded or device failure can result. Some power supplies 

exhibit voltage spikes or "glitches" on their outputs when the AC power is switched on and off. 

In addition, voltage transients on the AC power line may appear on the DC output. If this possibility 

exists it is suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (Ta = 


0°Cto70 


°C, Vdd 


=+5V±5%, unless otherwise noted) 


Parameter 


Min. 


Typ. 


Max. 


Units 


Comments 


D.C. CHARACTERISTICS 












INPUT VOLTAGE LEVELS 












Low Level Vil 






0.8 


V 




High Level Vih 


2.0 






V 




OUTPUT VOLTAGE LEVELS 












Low Level Vol 






0.4 


V 


loL=1.6mA 


High Level Voh 


2.4 






V 


loH=-100)uA 


INPUT CURRENT 












Leakage In 






10 


//A 


0<V,n<Vdd 


INPUT CAPACITANCE 












All Inputs 






10 


PF 




POWER SUPPLY CURRENT 












Idd 






60 


mA 




A.C. CHARACTERISTICS 












Symbol 












fey REFCLK Frequency 


0.2 




4.3 


MHz 


FDC 9216 


fey REFCLK Frequency 


0.2 




8.3 


MHz 


FDC 9216B 


tcKH REFCLK High Time 


50 




2500 


ns 




tcKL REFCLK Low Time 


50 




2500 


ns 




tsDON REFCLK to SEPD "ON" Delay 


25 


100 


250 


ns 




tsDOFF REFCLK to SEPD "OFF" Delay 


25 


100 


250 


ns 




tspcK REFCLK to SEPCLK Delay 


35 






ns 




toLL DSKD Active Low Time 


0.1 




100 


fjS 




toLH DSKD Active High Time 


0.2 




100 


fjlS 





FIGURE 3: AC CHARACTERISTICS 



V 



/ 
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STANDARD MICROSYSTEMS 



FDC 9229T 
FDC 9229BT 



FLOPPY DISK INTERFACE CIRCUIT 



FEATURES 

D Digital Data Separator 

Performs complete data separation function for floppy disk drives 
Separates FM and MFM encoded data 
No critical adjustments necessary 
SVV and 8" compatible 

D Variable Write Precompensation 

D Internal Crystal Oscillator Circuit 

n Track-Selectable Write Precompensation 

D Retriggerable Head-Load Timer 

D Compatible with the FDC 179X, 765, and other standard 
Floppy Disk Controllers 

D COPLAMOS® n-channel MOS Technology 

D Single +5 Volt Supply 

D TTL Compatible 

FUNCTIONAL DESCRIPTION 



PIN CONFIGURATION 





1(1 




"120 Voc 


DSKD 


V^ 


FDCSEL 


2[ 




119 P2 


MINI 


31 




|18 P1 


DENS 
SEPCLK 


41 
5t 




1 17 PO 


1 16 TEST 


SEPD 


6( 




1 15 HLD 


WDOUT 


71 




1 14 LATE 


HLT/CLK 


81 




1 13 EARLY 


CLKOUT 


9! 




1 12 WDIN 


GND 


10[ 




J 11CLKIN 



The FDC 9229 is an MOS integrated circuit designed to 
complement either the 179X or 765 (8272) type of floppy 
disk controller chip. It incorporates a digital data separator, 
write precompensation logic, and a head-load timer in one 
0.3-inch wide 20-pin package. A single pin will configure the 
chip to work with either the 179X or 765 type of controller. 
The FDC 9229 provides a number of different dynamically 
selected precompensation values so that different values 



may be used when writing to the inner and outer tracks of 
the floppy disk drive. The FDC 9229 operates from a + 5V 
supply and simply requires that a TTL-level clock be con- 
nected to the CLKIN pin. All inputs and outputs are TTL 
compatible. 

The FDC 9229 is available in two versions: The FDC 
9229/T are intended for 57/ disks and the FDC 9229B/T 
for 574" and 8" disks. 




SINGLE DENSITY 



[3- 




DIVIDER 
AND 
LOGIC 



L* D a -— TAP 



ACTIVE EDGE 



DATA SEPARATOR 
INTCLK GENERATOR 



TIMING 
LATCH 



ryi 



LATCHED WRITE DATA 



3E 



PflECOMPENSATlON 
SHIFT REGISTER 



g^ 



-[^1^— — Jhlt/clk| 



FDC 9229 
BLOCK DIAGRAM 

I DSlO 1 



DATA 

SEPARATOR 

CLOCK 

GATES 



PHASE 
ERROR 
MEMORY 



DIFFERENTIATOR. 
" SYNCHRONIZER 



OUTPUT 

./AVEFOflf 

REGENERATOR 



J:3y>-l>-f^ 

P]> 1 SEPCLK I 



OSCILLATOR 
PHASE-LOCKED 



CENTER 
FREQUENCY 
CORRECTOR 



ADJUSTED 

SLOT 
MEMORY 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


I/O 


DESCRIPTION 


1 


DSKD 


1 


This input is the raw read data received from the drive. (This input is 
active low.) 




rLj\j\jii.L. 


1 


i mis iiijjui siyiiai, wiieri luw, programs ine ruKj yii^iy Tor a i /aA lype ot 
LSI controller. When FDCSEL is high, the FDC 9229 is programmed 
for a 765 (8272) type of controller. (See fig. 4.) 


3 


MINI 


1 


The state of this input determines whether the FDC 9229 is configured 
to support 8" or SVa" floppy disk drive interfaces. It is used in conjunction 
with the DENS input to prescale the clock for the data separator. The 
state of this input also alters the CLKOUT frequency, the 
precompensation value, the head load delay time (when in 179X mode) 
and the HLT/CLK frequency (when in 765 mode). (See figs. 2, 3, and 4.) 


4 


DENS 


1 


The state of this input determines whether the FDC 9229 is configured 
to support single density (FM) or double density (MFM) floppy disk drive 
interfaces. It is used in conjunction with the MINI input to prescale the 
clock for the data separator. The state of this input also alters the 
CLKOUT frequency when in the 765 mode. (See figs. 2, 3, and 4.) 


5 


SEPCLK 





A square-wave window clock signal output derived from the DSKD input. 


6 


SEPD 





This output is the regenerated data oulse derived from the raw data input 
(DSKD). This signal may be either active low or active high as 
determined by FDCSEL (pin 2). 


7 


WDOUT 





The precompensated WRITE DATA stream to the drive. 


8 


HLT/CLK 





When in the 765 mode (FDCSEL high), this output is the master clock to 
the floppy disk controller. When in the 1 79X mode, this signal goes high 
after the head load delay has occured following the HLD input going 
high. This output is retriggerable. (See fig. 3.) 


9 


CLKOUT 





This signal is the write clock to the floppy disk controller. Its frequency is 
determined by the state of the MINI, DENS, and FDCSEL input pins. 
(See fig. 3.) . 


10 


GND 




Ground 


11 


CLKIN 


1 


This input is for direct connection to a 16 MHz or 8 MHz single-phase 
TTL-level clock. 


12 


WDIN 


1 


The write data stream from the floppy disk controller. 


13 


EARLY 


1 


When this input is high, the current WRITE DATA pulse will be written 
early to the disk. 


1 14 


LATE 


1 


When this input is high, the current WRITE DATA pulse will be written late 
to the disk. 

When both EARLY and LATE are low, the current WRITE DATA pulse will 
be written at the nominal position. 


15 


HLD 


1 


This input is only used in 179X mode. A high level at this input causes a 
high level on the HLT/CLK output after the specified head-load time 
delay has elapsed. The delay is selected by the state of the MINI output. 
(See fig. 3.) 


16 


TEST 


1 


This input (when low) decreases the head-load time delay and initializes 
the data separator. This pin is for test purposes only This input has an 
internal pull-up resistor and should be tied high or disconnected for 
normal operation. 


17 


PO 


1 


P2-P0 select the amount of precompensation applied to the write data. 
(See fig. 2.) 


18 


PI 


1 


19 


P2 


1 


20 


Vcc 




+ 5 VOLT SUPPLY 
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OPERATION 



Data Separator 

The CLKIN input clock is internally divided by the FDC 9229 
to provide an internal clock. The division ratio is selected 
by the FDCSEL, MINI and DENS inputs depending on the 
type of drive used. (See fig. 1 .) 

The FDC 9229 detects the leading (negative) edges of 
the disk data pulses and adjusts the phase of the internal 
clock to provide the SEPCLKoutput. 

Separate short- and long-term timing correctors assure 
accurate clock separation. 

The SEPCLK frequency is nominally Vie the internal clock 
frequency Depending on the internal timing correction, the 
duration of any SEPCLK half-cycle may vary from a nomi- 
nal of 8 to a minimum of 6 and a maximum of 1 1 internal 
clock cycles. 



INPUTS 




DIVISOR 


FDCSEL DENS 


MINI 


f(CLKIN)/f(INTCLK) 








2 





1 


4 


1 





4 


1 


1 


8 


1 





4 


1 


1 


8 


1 1 





2 


1 1 


1 


4 



FIG.1 



INTCLK JTJlJTTinJlJaJTmTnJTJTJTJT^^ 

SEPCLK I 1 I I 

I 

SEPD* LJ i LJ LJ 



u 



always two internal clock cycles 



*polarity of SEPD shown for FDCSEL = low. 



Precompensation 

The desired precompensation delay is determined by the 
state of the PO, P1 and P2 inputs of the FDC 9229 as per 
fig. 2. Logic levels present on these pins may be changed 
dynamically as long as the inputs are stable during the time 
the floppy disk controller is writing to the drive and the inputs 
meet the minimum setup time with respect to the write data 
from the floppy disk controller. 



MINI 



P2 



PI 



PO PRECOMP VALUE 
























1 








1 











1 


1 





1 











1 





1 





1 


1 








1 


1 


1 



ns 

62.5 ns 

125 ns 

187.5 ns 

250 ns 

250 ns 

312.5 ns 

312.5 ns 



MINI P2 



PI 



PO PRECOMP VALUE 



1 








1 





1 


1 


1 





1 


1 


1 


1 1 








1 1 





1 


1 1 


1 





1 1 


1 


1 



ns 
125 ns 
250 ns 
375 ns 
500 ns 
500 ns 
625 ns 
625 ns 



NOTE: All values shown are obtained with a 16 MHz ref- 
erence clock. Multiply pre-comp values by two for 
8 MHz operation. 

FIG. 2 WRITE PRECOMPENSATION 
VALUE SELECTION 
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OPERATION (CONT'D) 



Head Load Timer 

Tho h6*?d io?<i tiTi^ d?!?" Is 6lth9r 40 rr!s or 80 ms ds'^snd- 
ing on the state of MINI. (See fig. 3.) The purpose of this 
delay is to ensure that the head has enough time to engage 
properly. The head load timer is only used in the 179X mode; 
it is non-functional in the 765 mode. 



Tk/.. cno -f-yov ;»:t:~i. — u i i: iiu_ xi j;_i. j..:, _ 

■ . iv./ ■ t^^ 1 . sjj\ II iiiiutoo II lo luciuii ly ui II ic iiu\j\jy uisi\ ut ivc 

head by setting HLD high. The controllerthen waits the pro- 
grammed amount of time until the HLT signal from the FDC 
9229 goes high before starting a read or write operation. 



INPUTS 



OUTPUTS 



FDCSEL DENS 



MINI 



CLKOUT HLT/CLK 



2 MHz 

1 MHz 

2 MHz 
1 MHz 



40 ms* 
80 ms* 
40 ms* 
80 ms* 



500 KHz 8 MHz 

1 250 KHz 4 MHz 

1 MHz 8 MHz 

1 500 KHz 4 MHz 



NOTE: All values shown are obtained with a 16 MHz ref- 
erence clocl<. Divide all frequencies and multiply all 
periods by two for 8 MHz operation. 

*May be mask programmed at factory to any value from 1 
to 512 ms in 15.625 |xs increments (MINI low) or 1 to 1024 
ms in 31 .25 [xs increments (MINI high). 

FIG. 3 CLOCK AND HEAD LOAD 
TIME DELAY SELECTION 





INPUTS 




FLOPPY DISK 
DRIVE TYPE 


FLOPPY DISK 
DRIVE DENSITY 


FLOPPY DISK 


FDCSEL 


DENS 


MINI 


CONTROLLER TYPE 







1 
1 

1 
1 





1 
1 




1 
1 




1 


1 



1 



1 


8" DRIVE 
51/4" DRIVE 
8" DRIVE 
5y4" DRIVE 

8" DRIVE 
5V4" DRIVE 
8" DRIVE 
51/4" DRIVE 


DOUBLE 
DOUBLE 
SINGLE 
SINGLE 

SINGLE 
SINGLE 
DOUBLE 
DOUBLE 


179X 
179X 
179X 
179X 

765 (8272) 
765 (8272) 
765 (8272) 
765 (8272) 



FIG. 4 FLOPPY DISK DRIVE AND CONTROLLER SELECTION 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55° to + 150°C 

Lead Temperature (soldering, 10 sec.) + 300°C 

Positive Voltage on any I/O Pin, with respect to ground +8.0V 

Negative Voltage on any I/O Pin, with respect to ground - 0.3V 

Power Dissipation 0.75W 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, ITisimportantthat The At5S0lute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AG power 
is switched on and off. In addition, voltage transients on the AC power line may appear on the DC output. 



ELECTRICAL CHARACTERISTICS (Ta = 0°C to 70°C, V^c = 5V ±5%) 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


CONDITIONS 


DC CHARACTERISTICS 

INPUT VOLTAGE 
Low Level V,l 
High Level V,h 


-0.3 
2.0 




0.8 
(Vcc) 


V 
V 


Except CLKIN 


CLKIN INPUT VOLTAGE 
Low Level 
High Level 


-0.3 
2.4 




0.8 

(Vcc) 


V 
V 




OUTPUT VOLTAGE 
Low Level Vol 

High Level Vqh 


2.4 




0.4 


V 
V 


loL. = 1.6 mA except HLT/CLK 
loL = 0.4 mA,HLT/CLK only 
loH= - 100 |xA except HLT/CLK 
1^^ = -400 (jiA, HLT/CLK only 


POWER SUPPLY CURRENT 

Ice 






100 


mA 




INPUT LEAKAGE CURRENT 

l,L 






10 


M,A 


V„ = OtoVcc 


INPUT CAPACITANCE 

C|N 






10 
25 


PF 
PF 


Except CLKIN 
CLKIN only 




ELECTRICAL CHARACTERISTICS (T;, = 0°C to 70°C, Vcc = 5V ± 5% 



PARAMETER 


MIN 


TYP 1 MAX 


UNIT 


CONDITIONS 


AC ELECTRICAL 
CHARACTERISTICS 




All times assume CLKIN 


= 16 MHz unless otherwise specified) 


CLKIN frequency 


3.95 


16 


16.2 


MHz 


FDC 9229B 




3.95 


8 


8.1 


MHz 


FDC 9229 


CLKIN DUTY CYCLE 


25 




75 


% 




t 


465 


500 


515 


ns 


FDCSEL = low; MINI = high. 




215 


250 


265 


ns 


FDCSEL = low; MINI = low. 




90 


125 


140 


ns 


FDCSEL = high. 


twdO 


280 


312.5 


350 


ns 


Time Doubles with MINI = 1 


td 


50 




400 


ns 











400 


ns 






500 


562.5 


625 


ns 


9 clock times ± 1 clock time 






precomp value 




See fig. 2 






2x precomp value 




See fig. 2 


ts 


1.0 


)JlS 
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AC TIMING CHARACTERISTICS 



HLT/CLK (765 MODE) 



r 



■4 or 8 MHz. 



^ 



WDOUT PULSE WIDTH 



\r 



A 



■M 



K 



CLKQUT VS. WD!N TIMING 



179X MODE 



CLKOUT 



WDIN 



J \ r 



)i V 



765 (8272) MODE 
CLKOUT 



1, 2, or 4 jjiseo. 



WDIN 



SET-UP TIME P0, PI AND P2 TO WDIN 



P0, PI, P2 



WDIN 



CLKOUT 



CLKOUT 



\ 



CLKOUT 
(179X) 



CLKOUT 
(765) 



~^. 



y 



\ 



■\ 



y 



////////////// V 



PRECOMPENSATION 



WDOUT (EARLY) 



WDOUT (NOMINAL) , 



v 



\ 



■\ 



Ref. to Fig. 2 for 
tp (precompensation) 
value 
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TYPICAL SYSTEM IMPLEMENTATION— 765 (8272) FDC 



DRIVE 




D0-D7 



*The FDC9229/B, as all other NMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-invertin g) TTL schmidt-trigger input gate or bus transceiver is 
recommended at the DSKD input to the FDC9229/B. 
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TYPICAL SYSTEM IMPLEMENTATION— 179X FDC 



D0-D7 




"The FDC9229/B, as all other NMOS integrated circuits, presents a hiqh 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board the 
use of a (non-invertin g) TTL schmidt-trigger input gate or bus transceiver is 
recommended at the DSKD input to the FDC9229/B 



STAI)0\RD MICROSYSTEMS 
CORPORATION/ 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily qiven Ttie 
information fias been carefully cfiecked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, sucfi information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make chanaes 
at any time in order to improve design and supply the best product possible 
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STANDARD MICROSYSTEMS 
Cr)RPORAnON^ 



FDC 9239/9239B 
9239T/9239BT 



PRELIMINARY 



ENHANCED FLOPPY DISK INTERFACE CIRCUIT 



FEATURES 

D Digital Data Separator 

Performs complete data separation function 
for floppy disk drives 

Separates FM and MFM encoded data 

No critical adjustments necessary 

3V2", 574" and 8" compatible 
D Variable Write Precompensation 
D Internal Crystal Oscillator Circuit 
D Track-Selectable Write Precompensation 
D Retriggerable Head-Load Timer 
D Fully compatible with FDC 179X, FDC 765A and 

FDC 7265 
D 16-Bit Cell Divide Algorithm Improves Performance 
D Fabricated in Low Power CMOS 
D Single +5 Volt Supply 
D TTL Compatible; Fully Compatible with the FDC 9229 



PIN CONFIGURATION 




1 




] 20 


Vcc 


DSKD 


"^ 


FDCSEL 


2 I 




119 


P2 


MINI 


3 I 




118 


PI 


DENS 


4 ( 




1 17 


PO 


SEPCLK 


51 




1 16 


XTAL2 


SEPD 


6 ( 




I 15 


HLD 


WDOUT 


7 ( 




h 14 


LATE 


HLT/CLK 


8 ( 




1 13 


EARLY 


CLKOUT 


9 [ 




1 12 


WDIN 


GND 


10 C 




.1 11 


XTAL1/CLKIN 



FUNCTIONAL DESCRIPTION 



The FDC 9239 is a CMOS integrated circuit designed to 
complement either the 179X or 765 (8272) type of floppy 
disk controller chip. It incorporates a digital data separator, 
write precompensation logic, and a head-load timer in one 
0.3-Inch wide 20-pin package. A single pin will configure 
the chip to work with either the 179X or 765 type of control- 
ler. The FDC 9239 provides a number of different dynami- 
cally selected precompensation values so that different 



values may be used when writing to the inner and outer 

tracks of the floppy disk drive. The FDC 9239 operates from 

a + 5V supply. 

The FDC 9239 is available in four versions: the FDC 9239/ 

T which is intended for 5y4"disks and the FDC 9239B/T for 

372", 574" and 8" disks. (The /T versions require a TTL clock 

input.) 




WDIN 



I CLKIN r 
I XTAL2 I- 



OSCILLATOR 

& 

BUFFERS 



I MINI 



r^ 



c 



MASTER 
CLOCK 
GENER- 
ATOR 



SINGLE DENSITY 



I LATE I I Pg I I PI I I Pt I 

L-» D -» TAP 



DATA SEPARATOR 
INTCLK GENERATOR 



WRITE 
DATA 

TIMING 

& 
LATCH 



LATCHED WRITE DATA 



IE 



PRECOMPENSATION 
SHIFT REGISTER 



r^— I WDOUT I 



^ 



SEPARATOR 
CLOCK 
GATES 



PHASE 
ERROR 
MEMORY 



DSKD U 



DIFFERENTIATOR 
SYNCHRONIZER 



OUTPUT 

./AVEFORI 

REGENERATOR 



r^ IhLTCLkI 

r^> — I sepclkJ 



PHASE-LOCKED 



ADJUST NEXT SLOT 



FDC 9239 
BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


SYMBOL 


I/O DESCRIPTION 


1 


DSKD 


1 


This Input is the raw read data received from the drive. (This input is 
active low.) 


2 


FDGSEL 


1 


This Input signal, when low, programs the FDC 9239 for a 179X type of 
LSI controller. When FDGSEL is high, the FDC 9239 is programmed for a 
765 (8272) or 7265 floppy disk controller. (See flq. 4.) 


3 


MINI 


1 


The state of this input determines whether the FDC 9239 is configured 
to support 8" or 5^/4" floppy disk drive interfaces. It is used in conjunc- 
tion with the DENS input to prescale the clock for the data separator. 
The state of this input also alters the CLKOUT frequency, the 
precompensatlon value, the head load delay time (when in 179X mode) 
and the HLT/CLK frequency (when in 765 mode). See figs. 2, 3, and 4.) 


4 


DENS 


1 


The state of this input determines whether the FDC 9239 is configured to 
support single density (FM) or double density (MFM) floppy disk drive 
Interfaces. It Is used in conjunction with the MINI input to prescale the 
clock for the data separator. The state of this input also alters the 
CLKOUT frequency when In the 765 mode. (See figs. 2, 3, and 4.) 


5 


SEPCLK 





A square-wave winaow ciocK signal output derived from the DSKD Input. 


6 


SEPD 





This output is the regenerated data pulse derived from the raw data input 
(DSKD). This signal may be either active low or active high as 
determined by FDCSEL (pin 2). 


7 


WDOUT 





The precompensated WRITE DATA stream to the drive. 


8 


HLT/CLK 





When in the 765 mode (FDCSEL high), this output is the master clock to 
the floppy disk controller. When In the 179X mode, this signal goes high 
after the head load delay has occured following the HLD input going high. 
This output is retriggerable. (See fig. 3.) 


9 


CLKOUT 





This signal is the write clock to the floppy disk controller. Its frequency is 
determined by the state of the MINI, DENS and FDCSEL input pins. 
(See fig. 3.) 


10 


GND 




Ground 


11 


XTAL1/CLKIN 


1 


This input is for direct connection to a 16 MHz or 8 MHz single-phase 
TTL-level clock, or one lead from an 8 MHz or 16 MHz crystal. 


12 


WDIN 


1 


The write data stream from the floppy disk controller. 


13 


EARLY 


1 


When this Input is high, the current WRITE DATA pulse will be written 
early to the disk. 


14 


LATE 


1 


When this input is high, the current WRITE DATA pulse will be written late 
to the disk. 

When both EARLY and LATE are low, the current WRITE DATA pulse will 
be written at the nominal position. 


15 


HLD 


1 


This input is only used in 179X mode. A high level at this input causes a 
high level on the HLT/CLK output after the specified head-load time delay 
has elapsed. The delay is selected by the state MINI cutout. (See fia. 3.) 


16 


XTAL2 


1 


The second lead from an 8 MHz or 16 MHz crystal is connected to this 
pin. In those applications, using a TTL clock, this pin should be left 
floating. 


17 


PO 


1 


P2-P0 select the amount of precompensatlon applied to the write data 
(See fig. 2.) 


18 


PI 


1 


19 


P2 


1 


20 


Vcc 


+ 5 VOLT SUPPLY 
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OPERATION 



Data Separator 

The CLKIN input clock is internally divided by the FDC 9239 
to provide an internal clock. The division ratio is selected by 
the FDCSEL, MINI and DENS inputs depending on the type 
of drive used. (See fig. 1.) 

The FDC 9239 detects the leading (negative) edges of the 
disk data pulses and adjusts the phase of the internal clock 
to provide the SEPCLK output. 

Separate short- and long-term timing correctors assure 
accurate clock separation. 

The SEPCLK frequency is nominally V32 the internal clock 
frequency. Depending on the internal timing correction, the 
duration of any SEPCLK half-cycle may vary from a nomi- 
nal of 16 to a minimum of 12 and a maximum of 21 internal 
clock cycles. 





INPUTS 




DIVISOR 


FDCSEL 


. DENS 


MINI 


f(CLKIN)/f(INTCLK) 











1 








1 


2 





1 





2 





1 


1 


4 


1 








2 


1 





1 


4 


1 


1 





1 


1 


1 


1 


2 



INTCLK jTJlJTJXriJTJlJTJTJTJTJTJTJ^^ 



SEPCLK 



SEPD* 



always 2 

internal 

clock 

cycles 



•••~ 

u 



"L-T 



always 4 internal clock cycles 



TYPICAL PERFORMANCE CHARACTERISTICS: 
Speed Tolerance: ± 6% maximum 
Lock Up Time: 4 byte times maximum 
% Window Margin: 25% 
Bit Jitter Tolerance: ± 250 ns for 574" drives 



\ 



i_r 



*polarity of SEPD shown for FDCSEL = low. 



Precompensation 

The desired precompensation delay is determined by the 
state of the PO, PI and P2 inputs of the FDC 9239 as per' 
fig. 2. Logic levels present on these pins may be changed 
dynamically as long as the inputs are stable during the time 
the floppy disk controller is writing to the drive and the inputs 
meet the minimum setup time with respect to the write data 
from the floppy disk controller. 



MINI 



P2 



PI 



PO PRECOMP VALUE 
























1 








1 











1 


1 





1 











1 





1 



ns 
62.5 ns 
125 ns 
187.5 ns 
250 ns 
250 ns 



MINI P2 



PI 



PO PRECOMP VALUE 



1 








1 





1 


1 


1 





1 


1 


1 


1 1 








1 1 





1 


1 1 


1 





1 1 


1 


1 



ns 
125 ns 
250 ns 
375 ns 
500 ns 
500 ns 
625 ns 
625 ns 



NOTE: All values shown are obtained with a 16 MHz ref- 
erence clock. Multiply pre-comp values by two for 
8 MHz operation. 

FIG. 2 WRITE PRECOMPENSATION 
VALUE SELECTION 
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OPERATION (CONT'D) 



Head Load Timer 



Tl I 



i5Su lOSu time uciay io citiitji 40 riib ur 50 ms, depend- 
ing on the state of MINI. (See fig. 3.) The purpose of this 
delay is to ensure that the head has enough time to engage 
properly. The head load timer is only used in the 179X mode; 
it is non-functional in the 765 or 7265 mode. 



I ne huu 179X initiates the loading of the floppy disk drive 
head by setting HLD high. The controller then waits the pro- 
grammed amount of time until the HLT signal from the FDC 
9239 goes high before starting a read or write operation. 



INPUTS 



OUTPUTS 



FDCSEL DENS 


















1 





1 


1 





1 





1 


1 


1 


1 



MINI 



CLKOUT HLT/CLK 



2 MHz 40 ms* 

1 MHz 80 ms* 

2 MHz 40 ms* 
1 MHz 80 ms* 



500 KHz 8 MHz 

1 250 KHz 4 MHz 

1 MHz 8 MHz 

1 500 KHz 4 MHz 



NOTE: All values shown are obtained with a 16 MHz refer- 
ence clock. Divide all frequencies and multiply all 
periods by two for 8 MHz operation. 

FIG. 3 CLOCK AND HEAD LOAD 
TIME DELAY SELECTION 



FDCSEL DENS MINI 16 MHZ INPUT CLOCK 8 MHZ INPUT CLOCK 



8" Double Density 

1 5y4" Double Density 

1 8" Single Density 

1 1 5V4" Single Density 

1 8" Single Density 

1 1 5V4" Single Density 

1 1 8" Double Density 

■^ 1 1 SVV Double Density 



574" Double Density 
Not Permitted 
574" Single Density 
Not Permitted 
SVV Single Density 
Not Permitted 
574" Double Density 
Not Permitted 



CONTROLLER 

179X 

179X 

179X 

179X 
765 (8272) 
765 (8272) 
765 (8272) 
765 (8272) 



*NOTE: 3V2" drive users should consult drive specifications to determine if drive data rate equals 3V4" or 8" 
standards. 



FIG. 4. FLOPPY DISK DRIVE AND CONTROLLER SELECTION 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55° to + 150°C 

Lead Temperature (soldering, 10 sec.) + 300°C 

Positive Voltage on any I/O Pin, with respect to ground + 8.0V 

Negative Voltage on any I/O Pin, w/lth respect to ground - 0.3V 

Power Dissipation 0.75W 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or at any other condition above those indicated in the operational sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maximum Ratings not 
be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" on their outputs when the AC power 
is switched on and off. in addition, voltage transients on the AG power line may appear on the DC output. 



ELECTRICAL CHARACTERISTICS (T;,= 0°C to 70°C, Vcc = 5V ±5%) 



"^^^ 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


COUu^:^:^<^A 


DC CHARACTERISTICS 

INPUT VOLTAGE 
Low Level V|l 
High Level Vh 


-0.3 
2.0 




0.8 
(Vcc) 


V 
V 


Except CLKIN ~-- 


XTAL/GLKIN INPUT VOLTAGE 
AC Amplitude 
Instantaneous voltage 


-0.3 
-2.4 




0.8 

(Vcc) 


V 
V 




OUTPUT VOLTAGE 
Low Level Vol 

High Level Vqh 


2.4 




0.4 


V 
V 


loL = 1.6 mA except HLT/CLK 
loL = 0.4 mA,HLT/CLK only 
loH = - 100 |iA except HLT/CLK 
loH = -400|j,A, HLT/CLK only 


POWER SUPPLY CURRENT 

Ice 




TBD 




mA 




INPUT LEAKAGE CURRENT 

l,L 




TBD 




|jlA 


V„ = OtoVcn 


INPUT CAPACITANCE 

C|N 




TBD 




PF 
pF 


Except CLKIN 
CLKIN only 



ELECTRICAL CHARACTERISTICS (T^, = 0°C to 70°C, Vcc = 5V ± 5%) 



*»« 



PARAMETER 


'MIN 


TYP i MAX 


UNIT 


CONDI i7>;.>,7^ 


AC ELECTRICAL 
CHARACTERISTICS 


(All times assume XTAL/CLKIN = 16 MHz unless otherwise specified) •-"> 


CLKIN frequency 


3.95 


16 


16.2 


MHz 


FDC 9239B 




3.95 


8 


8.1 


MHz 


FDC 9239 


CLKIN DUTY CYCLE 


25 




75 


% 




t,,, ^ 


465 


500 


515 


ns 


FDCSEL = low; MINI = high 




215 


250 


265 


ns 


FDCSEL = low; MINI = low 




90 


125 


140 


ns 


FDCSEL = high 


twdc 


150 


312.5 


350 


ns 


Time Doubles with MINI-1 


t. 


50 




400 


ns 











400 


ns 




t„dE 


500 


562.5 




ns 


9clocl<times ± 1 clock time 


t«.aN 




precomp value 




See fig. 2 






2 x precomp value 




See fig. 2 


ts 


1.0 


1 


|i.S 
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AC TIMING CHARACTERISTICS 



HLT/CLK (765 MODE) 



T: 



y 



\ 



■4 or 8 MHz. 



J 



WDOUT PULSE WIDTH 

1 



CLKOUT VS. WDIN TIMING 



179XMODE 
CLKOUT 



"N 



y \ /- 



WDIN 



\ 



765 (8272) MODE 
CLKOUT 



WDIN 



/ 



PO, PI, P2 



SET-UP TIME P0, P1 AND P2 TO WDIN 



WDIN 



J 



CLKOUT 



CLKOUT 
(179X) 



CLKOUT 
(765) 



y 



\ 



\ 



////////////// — v 



PRECOMPENSATION 



WDOUT (EARLY) 



WDOUT (NOMINAL) 



WDOUT (LATE) 



1, 2, or 4 (isec. 



CLKOUT 



V 



J~ 



v 



\ 



\ 



:^ 



■\ 



Ref. to Fig. 2 for 
tp (precompensation) 
value 



440 



TYPICAL SYSTEM IMPLEMENTATION— 765 (8272) FDC OR 7265 FDC 



DRIVE 




D0-D7 




•The FDC9239/B, as all other NMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-invertin g) TTL schmidt-trigger input gate or bus transceiver is 
recommended at the DBKD input to the FDC9239/B. 
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TYPICAL SYSTEM IMPLEMENTATION— 179X FDC OR 979X FDC 



D0-D7 




*The FDC9239/B, as all other CMOS integrated circuits, presents a high 
impedance on all inputs. 

To avoid soft errors caused by transmission line effects and noise where 
there is long cabling between the floppy disk drive and the controller board, the 
use of a (non-invertin g) TTL schmidt-trigger input gate or bus transceiver is 
recommended at the DSKD input to the FDC9239/B. 



STANDARD MICROSYSTEMS 
CORPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily oiven The 
information has been carefully checked and is believed to be entirely reliable. However no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make chanaes 
at any time in order to improve design and supply the best product possible 



442 



STANDARD MICROSYSTEMS 
CORPORATTON. 




FDC 9266 

PRELIMINARY 



Single/Double Density Enhanced Floppy Disk 

Controller 



FEATURES 

D Combination Floppy Disl< Controller and Floppy Disk 

Interface 
D Software compatible with industry standard FDC 765A 
D On chip digital data separator eliminates critical analog 

adjustments 
D On-chip drive control logic reduces component count. 
D IBM compatible in both single and double density 

recording formats 
D Programmable data record lengths: 128, 256, 512, or 

1024 bytes/sector 
D Multi-sector and multi-track transfer capability 
D Controls up to 4 floppy disk drives 
D Data Scan Capability— will scan a single sector or 

entire track's worth of data fields, comparing on a byte 

by byte basis, data in the processor's memory with the 

data read from the diskette 
D Data transfers in DMA or non-DMA mode 
D Single 8 MHz TTL clock input 
D Parallel Seek operations on up to four drives 
D Compatible with most microprocessors 
n Single + 5 Volt power supply 
D COPLAMOS® n-channel silicon gate technology 
D Available in 40-pin Dual-ln-Line package 



PIN CONFIGURATION 







KJ 






RESET 


1C 




D40 


Vnc 


RD 


2[ 




D 39 RW/SEEK 


WR 


3C 




D38 


LCT/DIR 


C5 


4C 




D37 


FR/STP 


Ao 


5C 




336 


HDL 


DBo 


6C 




D35 


RDY 


DB, 


7C 




] 34 WP/TS 


DBj 


8C 




]33 


FLT/TRo 


DB3 


9C 
IOC 




D32 
D31 


P2 

P1 


DB4 








DB5 


11c 








DSO 


WDOUT 


DBc 


12 c 

13 C 








D29 
]28 


USo 
USi 


DB7 




DRQ 14 C 




D27 


HD 


DaCK 15 Q 




]26 


MFM 


TO 


16 C 




3 25 


WE 


IDX 


17C 




D24 


P0 


INT 


18 C 




3 23 


dskd 


TEST 


19C 




3 22 


CLK 


GND 20 C 




]21 


MINI 



PACKAGE; 40-pin D.I.P. 



GENERAL DESCRIPTION 



The FDC 9266 is a monolithic combination of the industry 
standard FDC 765A Floppy Disk Controller and the FDC 
9229 Floppy Disk Interface Circuit. It preserves all of the 
processor hardware and software interfaces to the FDC 
765A, and contains on-chip circuitry to simplify drive 
interfacing. 

These on-chip enhancements include a digital data 
separator, compatible with 5.25" and 8" drives. The data 
separator separates both FM (Single Density) and MFM 
(Double Density) encoded data, and requires no external 
adjustments. 

The FDC 9266 also allows variable write precompensation, 
which is track selectable. 

These enhancements greatly reduce the number of com- 
ponents required to interface floppy disks to a microproces- 
sor system. 

There are 15 separate commands which the FDC 9266 will 
execute. Each of these commands requires multiple 8-bit 



bytes to fully specify the operation which the processor 
wishes the FDC to perform. The following commands are 
available: 



Read Data 

Read ID 

Read Deleted Data 

Read a Track 

Scan Equal 

Scan High or Equal 

Scan Low or Equal 

Specify 



Write Data 

Format a Track 

Write Deleted Data 

Seek 

Recalibrate (Restore to Track 0) 

Sense Interrupt Status 

Sense Drive Status 



Address mark detection circuitry is internal to the FDC 
which simplifies the read electronics. The track stepping 
rate, head load time, and head unload time may be pro- 
grammed by the user. The FDC 9266 offers many addi- 
tional features such as multiple sector transfers in both read 
and write with a single command, and full IBM compatibility 
in both single and double density modes. 
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CLK 
VCC 
GND 



N-VI 






SERIAL 
CONTROLLER 



/—K 

w 



DATA 
SEPARATOR 

AND 

PRECOMP 

LOGIC 



« 



O 



-READY 

- WRITE PROTECT/TWO SIDE 

- INDEX 

- FAULT/TRACK 
-MINI 



-UNIT SELECT 

- UNIT SELECT 1 
. MFM MODE 

-"rw/seek 

- head load 

• head select 

- low current/direction 
■• fault reset/step 



BLOCK DIAGRAM 



<=^ 



WP/TS 
FLT'TRO 
FR/STEP 
LCT/DIR 



DBO- 
DB7 



RD . 

WR . 

AO . 

DRQ, 

DACK. 

TC. 

RESET . 



P2 
RDY 
IDX 



INT 

CS 

RD 

WR 

AO 

DRQ 

DACK WDOUT 



US1 
USO 



DSKD 



TC 



MINI ^ 
MFM _ 



-C 



^■t 



X 



f=r 



:§ 



.RDY 
-IDX 
.WE 
. SIDE SEL 



tS 



PRECOMPENSATION 
SELECT 



<;=> 



^ 



2 SIDED 
WPRT 
TRKOO 
FAULT 

FLT RST 
STEP 
DIR 
LOW CUR 



HLD 

DRSEL4 
DRSEL3 
DRSEL2 
DRSEL1 



RAW READ 
WDATA 

RDY 
IDX 
WE 
SIDE 



TYPICAL APPLICATION 
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DESCRIPTION OF PIN FUNCTIONS 



PIN 


INPUT/ 
OUTPUT 


CONNECTION 
TO 


FUNCTION 


NO. 


SYMBOL 


NAME 


1 


RST 


Reset 


Input 


Processor 


Places FDC in idle state. Resets 
output lines to FDD to "0" (low). 
Does not effect SRT HUT or HLT 
in Specify command. If RDY pin is 
held high during Reset, FDC will 
generate interrupt 1 .024 ms later. 
To clear this interrupt use Sense 
Interrupt Status command. 


2 


RD 


Read 


Input® 


Processor 


Control signal for transfer of data 
from FDC to Data Bus, when 
"0" (low). 


3 


WR 


Write 


Input® 


Processor 


Control signal for transfer of data to 
FDC via Data Bus, when "0" (low). 


4 


CS 


Chip Select 


Input 


Processor 


IC selected when "0" (low), 
allowing RD and WR to be 
enabled. 


5 


Ao 


Data/Status Reg 
Select 


Input® 


Processor 


Selects Data Reg (Ao = 1 ) or 
Status Reg (Ao = 0) contents of 
the FDC to be sent to Data Bus. 


6-13 


DBo-DB, 


Data Bus 


Input® 
Output 


Processor 


Bi-Directional 8-Bit Data Bus. 


14 


DRQ 


Data DMA 
Request 


Output 


DMA 


DMA Request is being made by 
FDC when DRW = "1'. 


15 


DACK 


DMA 
Acknowledge 


Input 


DMA 


DMA cycle is active when "0" (low) 
and Controller is performing DMA 
transfer 


16 


TC 


Terminal Count 


Input 


DMA 


Indicates the termination of a DMA 
transferwhen"1"(high). It ' 
terminates data transfer during • 
Read/Write/Scan command in i 
DMA or interrupt mode. 


17 


IDX 


Index 


Input 


FDD 


Indicates the beginning of a disk 
track. 


18 


INT 


Interrupt 


Output 


Processor 


Interrupt Request Generated by 
FDC. 


19 


TEST 


Test 


Input 




This pin is for test purposes only. 
Should be left tied high in normal 
operation. 


20 


GND 


Ground 




D.C. Power Return. 


21 


MINI 


Mini' 


Input 


Processor 


This input, when set to "1 " (high), 
configures the FDC for operation 
with 5.25" floppies. If reset to "0" 
(low), then the FDC is configured 
for 8" drive operation. 


22 


CLK 


8 MHz 
TTL Clock 


Input 


Device clock. 


23 


DSKD 


Raw Data 


Input 


FDD 


Raw data from drive. 


24,31,32 


PO, P1,P2 


Precompensation 
Select 


Input 


Processor 


These pins select the amount of 
precompensation applied to the 
write data. 


25 


WE 


Write Enable 


Output 


FDD 


Enables write data into FDD. 


26 


MFM 


MFM Mode 


Output 




MFM mode when "1," FM mode 
when "0." 


27 


HD 


Head Select 


Output 


FDD 


Head 1 selected when "1" (high). 
Head 2 selected when "0" (low). 


28,29 


USi,USo 


Unit Select 


Output 


FDD 


FDD Unit Selected. 


30 


WD OUT 


Write Data Out 


Output 


FDD 


Serial clock and data bits to FDD. 


33 


FLT/TR3 


Fault/Track 


Input 


FDD 


Senses FDD fault condition, in 
ReadAWrite mode; and Track 
condition in Seek mode. 


34 


WP/TS 


Write Protect/ 
Two-Side 


Input 


FDD 


Senses Write Protect status in 
Read/Write mode; and Two Side 
Media in Seek mode. 
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DESCRIPTION OF PIN FUNCTIONS 



PIN 


INPUT/ 
OUTPUT 


CONNECTION 
TO 


FUNCTION 


NO. 1 SYMBOL 


NAME 


35 ! RDY 

1 


Ready 

1 


Input 


FDD 


Indicates FDD is ready to send or 


36 


HDL 


Head Load 


Output 


FDD 


Command which causes read/ 
write head in FDD to contact 
diskette. 


37 


FR/STP 


Fit Reset/Stop 


Output 


FDD 


Resets fault F.R in FDD in Read/ 
Write mode, contains stop pulses 
to move head to another cylinder in 
Seek mode. 


38 


LCT/DIR 


Low Current/ 
Direction 


Output 


FDD 


Lowers Write current on inner 
tracks in Read/Write mode, 
determines direction head will stop 
in Seek mode. A fault reset pulse is 
issued at the beginning of each 
Read or Write command prior to 
the occurrence of the Head Load 
signal. 


39 


RW/SEEK 


Read Write/SEEK 


Output 


FDD 


When "1" (high) Seek mode 
selected and when "0" (low) Read/ 
Write mode selected. 


40 


Vcc 


+ 5V 






DC Power 



Note: ® Disabled when CS = 1. 



DESCRIPTION OF INTERNAL REGISTERS 

The FDC 9266 contains two registers which may be ac- 
cessed by the main system processor; a Status Register 
and a Data Register. The 8-bit Main Status Register con- 
tains the status information of the FDC, and may be 
accessed at any time. The 8-bit Data Register (actually 
consists of several registers in a stack with only one register 
presented to the data bus at a time), which stores data, 
commands, parameters, and FDD status information. Data 
bytes are read out of, or written into, the Data Register in 
order to program or obtain the results after a particular com- 
mand. The Status Register may only be read and used to 

The bits in the Main Status Register are defined as follows: 



facilitate the transfer of data between the processor and 
FDC 9266. 

The relationship between the Status/Data registers and the 
signals RD, WR, and Aq is shown below. 



Ao 


RD 


WR 


FUNCTION 








1 


Read Main Status Register 





1 





Illegal 











Illegal 


1 








Illegal 


1 





1 


Read from Data Register 


1 


1 





Write into Data Register 



BIT NUMBER 


NAME j SYMBOL | DESCRIPTION 


DBo 


FDD Busy 


DoB 


FDD number is In the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 


DO, 


FDD 1 Busy 


D,B 


FDD number 1 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 


DB^ 


FDD 2 Busy 


DjB 


FDD number 2 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 


DB3 


FDD 3 Busy 


D3B 


FDD number 3 is in the Seek mode. If any of the bits is set 
FDC will not accept read or write command. 


DB, 


FDC Busy 


CB 


A read or write command is in process. FDC will not accept 
any other command. 


DB5 


E.xecution Mode 


EXM 


This bit is set only during execution phase in non-DMA mode. 
When DB5 goes low, execution phase has ended, and result 
phase was started. It operates only during NON-DMA mode 
of operation. 


DBe 


Data Input/Output 


DIO 


Indicates direction of data transfer between FDC and Data 
Register If DIO = "1" then transfer is from Data Register to 
the Processor. If DIO = "0", then transfer is from the 
Processor to Data Register. 


DB, 


Request for Master 


ROM 


Indicates Data Register is ready to send or receive data to or 
from the Processor. Both bits DIO and ROM should be used 
to perform the hand-shaking functions of "ready" and 
"direction" to the processor. 



The DIO and ROM bits in the Status Registenndicate when Data is ready and in which direction data will be transferred on the Data 
Bus. The max time between the last RD or WR during command or result phase and DIO arid ROM getting set or reset is 12 ixs For 
this reason every time Main Status Register is read the CPU should wait 12 |xs. The max time from the trailing edqe of the last RD in 
the result phase to when DB4 (FDC Busy) goes low is 12 M.S. 
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Out FDC and Into Processor 




Notes^lX] =--Oala re gi ster ready to be wr i tt e n i nt oby-piocessor 

[b] — Data register not ready to be written into by processor 

[c] —Data register ready for next data byte to be read by the processor 

[d] —Data register not ready for next data byte to be read by processor 



COMMAND SEQUENCE 

The FDC 9266 is capable of performing 15 different com- 
mands. Each command is initiated by a multi-byte transfer 
from the processor, and the result after execution of the 
command may also be a multi-byte transfer back to the pro- 
cessor Because of this multi-byte interchange of informa- 
tion between the FDC 9266 and the processor, it is 
convenient to consider each command as consisting of three 
phases: 



Command Phase: 

Execution Phase: 
Result Phase: 



COMMAND SYMBOL DESCRIPTION 



The FDC receives all information 
required to perform a particular 
operation irom the processor. 
The FDC performs the operation 
it was instructed to do. 
After completion of the operation,' 
status and other housekeeping 
information are made available to 
the processor. 



SYMBOL 


NAME 


DESCRIPTION 


Ao 


Address Line 


Ao controls selection of Main Status Register (Ao = 0) or Data Register 
(Ao = 1). 


C 


Cylinder Number 


C stands for the current/selected Cylinder (track) number through 76 of 
the medium. 


D 


Data 


D stands for the data pattern which is going to be written into a Sector 


D,-Do 


Data Bus 


8-bit Data Bus, where D-, stands for a most significant bit, and Do stands for a 
least significant bit. 


DTL 


Data Length 


When N is defined as 00, DTL stands for the data length which users are 
going to read out or write into the Sector. 


EOT 


End of Track 


EOT stands for the final Sector number on a Cylinder During Read or Write 
operation FDC will stop date transfer after a sector # equal to EOT. 


GPL 


Gap Length 


GPL stands for the length of Gap 3. During ReadA/Vrite commands this value 
determines the number of bytes that VCOs will stay low after two CRC bytes. 
During Format command it determines the size of Gap 3. 


H 


Head Address 


H stands for head number or 1 , as specified in ID field. 


HD 


Head 


HD stands for a selected head number or 1 and controls the polarity of pin 
27. (H = HD in all command words.) 


HLT 


Head Load Time 


HLT stands for the head load time in the FDD (2 to 254 ms in 2 ms 
Increments). 


HUT 


Head Unload Time 


HUT stands for the head unload time after a read or write operation has 
occurred (16 to 240 ms in 16 ms increments). 


MP 


FM or MFM Mode 


If MF is low, FM mode is selected, and if it is high, MFM mode is selected. 


MT 


Multi-Track 


If MT is high, a multi-track operation is to be performed. If MT = 1 after 
finishing Read/Write operation on side FDC will automatically start 
searching for sector 1 on side 1 . 


N 


Number 


N stands for the number of data bytes written in a Sector 


NCN 


New Cylinder Number 


NCN stands for a new Cylinder number, which is going to be reached as a 
result of the Seek operation. Desired position of Head. 


ND 


Non-DMA Mode 


ND stands for operation in the Non-DMA Mode. 


PCN 


Present Cylinder 
Number 


PCN stands for the Cylinder number at the completion of SENSE 
INTERRUPT STATUS Command. Position of Head at present time. 


R 


Record 


R stands for the Sector number, which will be read or written. 


R/W 


Read/Write 


R/W stands for either Read (R) or Write (W) signal. 


SC 


Sector 


SC indicates the number of Sectors per Cylinder 


SK 


Skip 


SK stands for Skip Deleted Data Address Mark. 


SRT 


Step Rate Time 


SRT stands for the Stepping Rate for the FDD. (1 to 16 ms in 1 ms 
increments.) Stepping Rate applies to all drives, (F = 1 ms, E = 2 ms, etc.). 


STO 
ST1 
ST 2 
ST 3 


Status 
Status 1 
Status 2 
Status 3 


ST 0-3 stand for one of four registers which store the status information after 
a command has been executed. This information is available during the 
result phase after command execution. These registers should not be 
confused with the main status register (selected by Ao = 0). ST 0-3 may be 
read only after a command has been executed and contain information 
relevant to that particular command. 


STP 




During a Scan operation, if STP = 1 , the data in continguous sectors is 
compared byte by byte with data sent from the processor (or DMA) ; and if 
STP = 2, then alternate sectors are read and compared. 


USO, US1 


Unit Select 


US stands for a selected drive number or 1 . 
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INSTRUCTION SET © 



Execution 
Rssult 



R/W P? Pe P5 P4 P3 P2 Pj Dp 



W MT MF SK 1 1 



-EOT- 
-GPL- 
-DTL- 



-STO- 
•ST 1 - 
•ST2- 



Command Codes 



Sector ID information prior 
to Command execution. The 
4 bytes are commanded agair 
header on Floppy Disk. 



Data-transfer between the 
FDD and main-system 



Status information after 
Command execution 



Sector ID information after 
Command execution 



REAODELETEP DATA 



MT MF SK 1 1 

X X X X XHDUS1 USO 



-EOT- 
-GPL- 



-STO- 

■ ST1 - 

■ ST2- 



Command Codes 



Sector ID informal 

to Command execu 

4 bytes are commanded agai 

header on Floppy Disk. 



The 



Data-transfer between the 
FDD and main-system 



Status information after 
Command execution 



Sector ID informatic 
Command execution 



P7 Ds D5 P4 D3 D2 Di Dq 



WRITE DATA 



X HD US1 USO 



-EOT- 
-GPL- 
-DTL- 



-STO- 
-ST1- 
-ST2- 






Command Codes 



Sector ID inforr 

to Command i 

4 bytes are commanded agair 

header on Floppy Disk. 



Data-transfer between the 
main-system and FDD 



Status information after 
Command e 



Sector ID information after 
Command execution 



WRITE DELETED DATA 



X HD US1 USO 



-EOT- 
-GPL- 



-STO- 
■ST1- 
■ST2- 



Command Codes 



Sector ID informati 

to Command 

4 bytes are commanded agai 

header on Floppy Disk. 



1 prior 



The 



Data-transfer between the 
FDD and main-system 



Status informatic 
Command execui 



Sector ID information after 
Command t 



READ A TRACK 



-STO- 
• ST 1- 
-St2- 



Command Codes 



FDD and main-system. FDC 
reads all data f ietds 
from index hole to EOT 

Status information after 
Command execution 

Sector ID information after 
Command execution 



X HD US1 USO 



-STO- 
-ST1- 
■ ST2- 



The first correct ID informatic 
on the Cylinder is stored in 
Data Register 

Status information after 
Command execution 

Sector ID information read 
during Execution Phase from 
Floppy Disk 



FORMAT A TRACK 



Executic 
ResOlt 



X HD US1 USO 



— STO- 

— ST 1- 

— ST2- 



Command Codes 

Bytes/Sector 
Sectors/Track 
Gap 3 
Filler Byte 

FDC formats an ei 

Status information 
Command executii 



le, the ID informatic 



SCAN EQUAL 



Execution 
Result 



MT MF SK 1 



X HD US1 USO 



-eoT- 

-GPL- 
-STP- 



-STO- 
- ST1- 



Command Codes 



Sector ID information pr 
to Command execution 



Data-compared between the 
FDD and main-system 



Status informatic 
Command execu 



Sector ID informatic 
Command execution 



Nott: Symbol! ustd in thti tabl« art daicribtd at tha tnd of this section. 
(J) Ao«houW equal binary 1 for all operations. 
® X - Don't care, usually made to equal binary 0. 
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INSTRUCTION SET(CONT) 



PHASE 


R/W 


DATA BUS 


REMARKS 


PHASE 


R/W 


DATA BUS 


REMARKS 


D7 Dg D5 D4 D3 D2 


Dl Do 


D7 


D6 


Dg D4 D3 D2 Di Do 


SCAN LOW OR EQUAL 




RECALIBRATE 


Command 

Execution 
Result 


W 

w 
w 
w 
w 
w 
w 
w 
w 

R 
R 
R 
R 
R 
R 
R 


MT MF SK 1 1 
X X X X X HD 


1 

US1 USO 


Command Codes 

Sector 1 D information prior 
Command execution 

Data-compared between the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 


'Command 
Execution 


w 



X 



X 


11 1 
XX X USl USO 


Command Codes 

Head retracted to Track 


^, 


R 


SENSE INTERRUPT STATUS 




Command 
Result 


w 

R 








10 

STO 

PCN 


Command Codes 

Status information at the end 
of seek-operation about the FDC 


EOT 




STP 


SPECIFY 


Command 


w 
w 
w 






-SRT 
— H 


1 1 

»_« HUT 


Command Codes 


" 




„ 1 


SENSE DRIVE STATUS 






Command 
Result 


w 
w 

R 



X 



X 


10 
X X X HD USl USO 


Command Codes 

Status information about FDD 






M 


SCAN HIGH OR EQUAL 




SEEtC 




W 
W 
«V 
W 
W 
W 
W 

w 
w 

R 
R 
R 
R 
R 
R 
R 


MT MF SK 1 1 1 
X XXX X HD 


1 
US1 USO 


Command Codes 

Sector ID information prior 
Command execution 

Data-compared iDetween the 
FDD and main-system 

Status information after 
Command execution 

Sector ID information after 
Command execution 




Command 
Execution 


W 
W 
W 



X 



X 


111 1 
X X X HD USl USO 


Command Codes 

Head is positioned over 
proper Cylinder on 
Diskette 












R 




















INVALID 




Execution 


Command 
Result 


W 
R 


ln\nlirf r^'nrfr- 


Invalid Command Codes 
(NoOp- FDC goes into 
Standby State) 

ST = 80 

(16) 


Result 




"I? 


" , 




C 


' 


N 



FUNCTIONAL DESCRIPTION OF COMMANDS 
Read Data 

A set of nine (9) byte words are required to place the FDC 
into the Read Data Mode. After the Read Data command 
has been issued the FDC loads the head (if it is in the 
unloaded state), waits the specified head settling time 
(defined in the Specify Command), and begins reading ID 
Address Marks and ID fields. When the current sector num- 
ber ("R") stored in the ID Register (IDR) compares with the 
sector number read off the diskette, then the FDC outputs 
data (from the data field) byte-to-byte to the main system 
via the data bus. 

After completion of the read operation from the current sec- 
tor, the Sector Number is incremented by one, and the data 



from the next sector is read and output on the data bus. This 
continuous read function is called a "Multi-Sector Read 
Operation." The Read Data Command may be terminated 
by the receipt of a Terminal Co unt sig nal. TC should be 
issued at the same time that the DACK for the last byte of 
data is sent. Upon receipt of this signal, the FDC stops out- 
putting data to the processor, but will continue to read data 
from the current sector, check CRC (Cyclic Redundancy 
Count) bytes, and then at the end of the sector terminate 
the Read Data Command. 

The amount of data which can be handled with a single 
command to the FDC depends upon MT (multi-track), MF 
(MFM/FM), and N (Number of Bytes/Sector). Table 1 below 
shows the Transfer Capacity. 

















Multi-Track 
MT 


MFM/FM 
MF 


Bytes/Sector 
N 


Maximum Transfer Capacity 

(Bytes/Sector) (Number of 

Sectors) 


Final Sector 

Read 
from Diskette 










1 


00 
01 


(128) (26)= 3,328 
(256) (26) = 6,656 


26 at Side 
or 26 at Side 1 


1 
1 




1 


00 (128) (52)= 6,656 

01 (256) (52) = 13,312 


26 at Side 1 






? 


01 (256) (15)= 3,840 

02 (51 2) (15)= 7,680 


15 at Side 
or 15 at Side 1 


1 
1 




1 


01 (256) (30) = 7,680 

02 (512) (30) = 15,360 


15 at Side 1 










1 


02 (512) (8) = 4,096 

03 (1024) (8) = 8,192 


8 at Side 
or 8 at Side 1 




1 
1 




1 


02 i (512) (16)= 8,192 

03 1 (1024) (16) = 16,384 


8 at Side 1 








Table 1. Transfer Capacity 
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The 'multi-track" function (IVIT) allows the FDC to read data 
from both sides of the diskette. For a particular cylinder, data 
will be transferred starting at Sector 1 , Side and complet- 
ing at Sector L, Side 1 (Sector L = last sector on the side). 
Note, this function pertains to only one cylinder (the same 
track) on each side of the diskette. 

When N = 0, the DTL defines the data length which the 
FDC must treat as a sector. If DTL is smaller than the actual 
data length in a Sector, the data beyond DTL in the Sector, 
is not sent to the Data Bus. The FDC reads (internally) the 
complete Sector performing the CRC check, and depend- 
ing upon the manner of command termination, may per- 
form a Multi-Sector Read Operation. When N is non-zero, 
then DTL has no meaning and should be set to FF 
Hexidecimal. 

At the completion of the Read Data command, the head is 
not unloaded until after Head Unload Time Interval (speci- 
fied in the Specify Command) has elapsed. If the processor 
issues another command before the head unloads then the 
head settling time may be saved between subsequent 
reads. This time out is particularly valuable when a diskette 
is copied from one drive to another. ' 

If the FDC detects the Index Hole twice without finding the 
right sector, (indicated in "R"), then the FDC sets the ND 
(No Data) flag in Status Register 1 to a 1 (high), and termi- 
nates the Read Data Command. (Status Register also has 
bits 7 and 6 set to and 1 respectively.) 

After reading the ID and Data Fields in each sector, the FDC 
checks the CRC bytes. If a read error is detected (incorrect 
CRC in ID field), the FDC sets the DE (Data Error) flag in 
Status Register 1 to a 1 (high), and if a CRC error occurs in 
the Data Field the FDC also sets the DD (Data Error in Data 
Field) flag in Status Register 2 to a 1 (high), and terminates 
the Read Data Command. (Status Register also has bits 
7 and 6 set to and 1 respectively.) 



If the FDC reads a Deleted Data Address Mark off the dis- 
kette, and the SK bit (bit D5 in the first Command Word) is 
not set (SK = 0), then the FDC sets the CM (Control Mark) 
flag in Status Register 2 to a 1 (high), and terminates the 
Read Data Command, after reading all the data in the Sec- 
tor. If SK = 1 , the FDC skips the sector withjhe Dejeted 
Daia Address fviark and reads the nexi sector, i he Cmo bits 
in the deleted data field are not checked when SK = 1 . 
During disk data transfers between the FDC and the pro- 
cessor, via the data bus, the FDC must be serviced by the 
processor every 27 |xs in the FM Mode, and every 13 |jls in 
the MFM Mode, or the FDC sets the OR (Over Run) flag in 
Status Register 1 to a 1 (hinh), and terminates the Read 
Data Command. 

If the processor terminates a read (or write) operation in the 
FDC, then the ID Information in the Result Phase is 
dependent upon the state of the MT bit and EOT byte. Table 
2 shows the value for C, H, R, and N, when the processor 
terminates the Command. 



MT 


HD 


Final Sector 

Transferred to 

Processor 


ID Information at Result 
Phase 


H 


R 


N 








Less than EOT 


NC NC 


R + 1 


NC 





Equal to EOT 


c + ^\ NC 


R = 01 


NC 


1 


Less than EOT 


NC NC 


R-f- 1 


NC 


1 


Equal to EOT 


C 4- 1 NC 


R = 01 


NC 








Less than EOT 


NC 


NC 


R + 1 


NC 





Equal to EOT 


NC 


LSB 


R = 01 


NC 


1 


Less than EOT 


NC 


NC 


R -^ 1 


NC 


1 


Equal to EOT 


C + 1 


LSB 


R = 01 


NC 



Notes : 1 . NC (No Change) : The same value as the one at the 
beginning of command execution. 
2. LSB (Least Significant Bit): The least significant bit of 
H is complemented. 



Write Data 

A set of nine (9) bytes are required to set the FDC into the 
Write Data mode. After the Write Data command has been 
issued the FDC loads the head (if it is in the unloaded state), 
waits the specified Head Settling Time (defined in the 
Specify Command), and begins reading ID Fields. When all 
four bytes loaded during the command (C, H, R, N) match 
the four bytes of the ID field from the diskette, the FDC takes 
data from the processor byte-by-byte via the data bus, and 
outputs it to the FDD. 

After writing data into the current sector, the Sector Number 
stored in "R" is incremented by one, and the next data field 
is written into. The FDC continues this "Multi-Sector Write 
Operation" until the issuance of a Terminal Count signal. If 
a Terminal Count signal is sent to the FDC it continues writ- 
ing into the current sector to complete the data field. If the 
Terminal Count signal is received while a data field is being 
written then the remainder of the data field is filled with 00 
(zeros). 

The FDC reads the ID field of each sector and checks the 
CRC bytes. If the FDC detects a read error (incorrect CRC) 
in one of the ID Fields, it sets the DE (Data Error) flag of 
Status Register 1 to a 1 (high), and terminates the Write Data 
Command. (Status Register also has bits 7 and 6 set to 
and 1 respectively) 

The Write Command operates in much the same manner 
as the Read Command. The following items are the same, 
and one should refer to the Read Data Command for details: 

• Transfer Capacity 

• EN (End of Cylinder) Flag 



• ND (No Data) Flag 

• Head Unload Time Interval 

• ID Information when the processor terminates command 
(see Table 2) 

• Definition of DTL when N = and when N ^ 0- 

In the Write Data mode, data transfers between the proces- 
sor and FDC, via the Data Bus, must occur every 27 [jls in 
the FM mode, and every 13 |jls in the MFM mode. If the time 
interval between data transfers is longer than this then the 
FDC sets the OR (Over Run) flag in Status Register 1 to a 
1 (high), and terminates the Write Data Command. (Status 
Register also has bit 7 and 6 set to and 1 respectively.) 

Write Deleted Data 

This command is the same as the Write Data Command 
except a Deleted Data Address Mark is written at the begin- 
ning of the Data Field instead of the normal Data Address 
Mark. 

Read Deleted Data 

This command is the same as the Read Data Command 
except that when the FDC detects a Data Address Mark at 
the beginning of a Data Field and SK = (low), it will read 
all the data in the sector and set the CM flag in Status Reg- 
ister 2 to a 1 (high), and then terminate the command. IfSK 
= 1 , then the FDC skips the sector with the Data Address 
Mark and reads the next sector. 

Read A Track 

This command is similar to READ DATA Command except 
that this is a continuous READ operation where the entire 
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Format 


Sector Size 


N 


SC 


GPL® GPL®® 


8" Standard Floppy 


FM Mode 


1 28 bytes/sector 


00 


1A 


07 


IB 


256 




01 


OF 


OE 


2A 


512 




02 


08 


IB 


3A 


1024 




03 


04 


47 


8A 


2048 




04 


02 


C8 


FF 


4096 




05 


01 


C8 


FF 


MFM 
Mode® 


256 




01 


1A 


OE 


36 


512 




02 


OF 


IB 


54 


1024 




03 


08 


35 


74 


2048 




04 


04 


99 


FF 


4096 




05 


02 


C8 


FF 


8192 




06 


01 


C8 


FF 


5Va" Minifloppy 


FM Mode 


1 28 bytes/sector 


00 


12 


07 


09 


128 




00 


10, 


10 


19 


256 




01 


00 


18 


30 


512 




02 


04 


46 


87 


1024 




03 


02 


C8 


FF 


2048 




04 


01 


C8 


FF 


MFM 
Mode® 


256 




01 


12 


OA 


oc 


256 




01 


10 


20 


32 


512 




02 


08 


2A 


50 


1024 




03 


04 


80 


FO 


2048 




04 


02 


C8 


FF 


4096 




05 


01 


C8 


FF 



Table 3 
Notes: © Suggested values of GPL in Read or Write com- 
mands to avoid splice point between data field and 
ID field of contiguous sections. 
® Suggested values of GPL in format command. 
(D All values except sector size and hexidecimal. 
® In MFM mode FDC cannot perform a Read/Write/ 
format operation with 128 bytes/sector (N = 00) 



data field from each of the sectors are read. Immediately 
after encountering the INDEX HOLE, the FDC starts read- 
ing all data fields on the track, as continuous blocks of data. 
If the FDC finds an error in the ID or DATA CRC check bytes, 
it continues to read data from the track. The FDC compares 
the ID information read from each sector with the value 
stored in the IDR, and sets the ND flag of Status Register 1 
to a 1 (high) if there is no comparison. Multi-track or skip 
operations are not allowed with this command. 

This command terminates when number of sectors read is 
equal to EOT. If the FDC does not find an ID Address Mark 
on the diskette after it encounters the INDEX HOLE for the 
second time, then it sets the MA (missing address mark) 
flag in Status register 1 to a 1 (high), and terminates the 



command. (Status Register has bits 7 and 6 set to and 
1 respectively.) 

Read ID 

The READ ID Command is used to give the present posi- 
tion of the recording head. The FDC stores the values from 
the first ID field it is able to read. If no proper ID Address 
Mark is found on the diskette, before the INDEX HOLE is 
encountered for the second time then the MA (Missing 
Address Mark) flag in Status Register 1 is set to a 1 (high), 
and if no data is found then the ND (No Data) flag is also set 
in Status JRegister 1 to a 1 (high). The command is then 
terminated with Bits 7 and 6 in Status Register set to 
and 1 respectively During this command there is no data 
transfer between FDC and the CPU except during the 
result phase. 

Format A Ti-ack 

The Format Command allows an entire track to be format- 
ted. After the INDEX HOLE is detected, Data is written on 
the Diskette; Gaps, Address Marks, ID Fields and Data 
Fields, all per the IBM System 34 (Double Density) or Sys- 
tem 3740 (Single Density) Format are recorded. The par- 
ticular format which will be written is controlled by the values 
programmed into N (number of bytes/sector), SC (sectors/ 
cylinder), GPL (Gap Length), and D (Data Pattern) which 
are supplied by the processor during the Command Phase. 
The Data Field is filled with the Byte of data stored in D. The 
ID Field for each sector is supplied by the processor; that 
is, four data requests per sector are made by the FDC for 
C (Cylinder Number), H (Head Number), R (Sector Num- 
ber) and N (Number of Bytes/Sector). This allows the dis- 
kette to be formatted with nonsequential sector numbers, 
if desired. 

The processor must send new values for C, H, R, and N to 
the FDC 9266 for each sector on the track. If FDC is set for 
DMA mode, it will issue 4 DMA requests per sector If it is 
set for interrupt mode, it will issue four interrupts per sector 
and the processor must supply C, H, R and N load for each 
sector. The contents of the R register is incremented by one 
after each sector is formatted, thus, the R register contains 
a value of R when it is read during the Result Phase. This 
incrementing and formatting continues for the whole track 
until the FDC encounters the INDEX HOLE for the second 
time, whereupon it terminates the command. 

If a FAULT signal is received from the FDD at the end of a 
write operation, then the FDC sets the EC flag of Status 
Register to a 1 (high), and terminates the command after 
setting bits 7 and 6 of Status Register to and 1 respec- 
tively. Also the loss of a READY signal at the beginning of 
a command execution phase causes bits 7 and 6 of Status 
Register to be set to and 1 respectively. 

Table 3 shows the relationship between N, SC, and GPL for 
various sector sizes. 



Scan Commands 

The SCAN Commands allow data which is being read from 
the diskette to be compared against data which is being 
supplied from the main system. The FDC compares the data 
on a byte-by-byte basis, and looks for a sector of data which 
meets the conditions of Dfdd = Dprocessor. Dfdd ^ DpRoces- 
soR, or Dfdd ^ Dprocessor- The hexideclmal byte of FF either 
from memory or from FDD can be used as a mask byte 
because it always meet the condition of the compare. Ones 



complement arithmetic is used for comparison (FF = larg- 
est number, 00 = smallest number). After a whole sector 
of data is compared, if the conditions are not met, the sector 
number is incremental (R + STP -► R), and the scan oper- 
ation is continued. The scan operation continues until one 
of the following conditions occur; the conditions for scan are 
met (equal, low, or high), the last sector on the track is 
reached (EOT), or the terminal count signal is received. 
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If the conditions for scan are met then the FDC sets the SH 
(Scan Hit) flag Status Register 2 to a 1 (high), and termi- 
nates the Scan Command. If the conditions for scan are not 
met between the starting sector (as specified by R) and the 
last sector on the cylinder (EOT), then the FDC sets the SN 
(Scan Not Satisfied) flag of Status Register 2 to a 1 (high), 
and terminates the Scan Command. The receipt of a TER- 
MINAL COUNT signal from the Processor or DMA Con- 
troller during the scan operation will cause the FDC to 
complete the comparison of the particular byte which is in 
process, and then to terminate the command. Table 4 shows 
the status of bits SH and SN under various conditions of 
SCAN. 



COMMAND 


STATUS REGISTER 2 


COMMENTS 


BIT2 = SN 


BIT3 = SH 


Scan Equal 




1 


1 



l-'FDD ~ '-'processor 
[JfDD ^ '-'PROCESSOR 


Scan Low or 
Equal 





1 


1 




Dfdd — DpROCESSOR 
UfDD *~- '-'PROCESSOR 
L'fDD -^ '-'PROCESSOR 


Scan High or 
Equal 





1 


1 





Dfdd = [^processor 
Dfdd > DpFiocESSOR 
Dfdd < Drrocessor 



Table 4 

If the FDC encounters a Deleted Data Address Mark on one 
of the sectors (and SK = 0), then it regards the sector as 
the last sector on the cylinder, sets CM (Control Mark) flag 
of Status Register 2 to a 1 (high) and terminates the com- 
mand. If SK = 1 , the FDC skips the sector with the Deleted 
Address Mark, and reads the next sector. In the second case 
(SK = 1 ), the FDC sets the CM (Control Mark) flag of Sta- 
tus Register 2 to a 1 (high) in order to show that a Deleted 
Sector had been encountered. 

When either the STP (contiguous sectors = 01, or alter- 
nate sectors = 02 sectors are read) or the MT (Multi-Track) 
are programmed, it is necessary to remember that the last 
sector on the track must be read. For example, if STP = 02, 
MT = 0, the sectors are numbered sequentially 1 through 
26, and we start the Scan Command at sector 21 ; the fol- 
lowing will happen. Sectors 21 , 23 and 25 will be read, then 
the next sector (26) will be skipped and the Index Hole will 
be encountered before the EOT value of 26 can be read. 
This will result in an abnormal termination of the command. 
If the EOT has been set at 25 or the scanning started at 
sector 20, then the Scan Command would be completed in 
a normal manner 

During the Scan Command data is supplied by either the 
processor or DMA Controller for comparison against the 
data read from the diskette. In order to avoid having the OR 
(Over Run) flag set in Status Register 1 , it is necessary to 
have the data available in less than 27 |xs (FM Mode) or 13 
ixs (MFM Mode). If an Overrun occurs the FDC ends the 
command with bits 7 and 6 of Status Register set to and 
1 , respectively. 

Seek 

The read/write head within the FDD is moved from cylinder 
to cylinder under control of the Seek Command. FDC has 
four independent Present Cylinder Registers for each drive. 
They are clear only after Recalibrate command. The FDC 
compares the PCN (Present Cylinder Number) which is the 
current head position with the NCN (New Cylinder Num- 
ber), and if there is a difference performs the following 
operation: 

PCN < NCN: Direction signal to FDD set to a 1 (high), 
and Step Pulses are issued. (Step In.) 

PCN > NCN : Direction signal to FDD set to a (low), and 
Step Pulses are issued. (Step Out.) 



The rate at which Step Pulses are issued is controlled by 
SRT (Stepping Rate Time) in the SPECIFY Command. After 
each Step Pulse is issued NCN is compared against PCN, 
and when NCN = PCN, then the SE (Seek End) flag is set 
in Status Register to a 1 (high), and the command is ter- 
minated. At this point FDC interrupt goes high. Bits DBq- 
DBg in Main Status Register are set during seek operation 
and are cleared by Sense Interrupt Status command. 
During the Command Phase of the Seek operation the FDC 
is in the FDC BUSY state, but during the Execution Phase 
it is in the NON BUSY state. While the FDC is in the NON 
BUSY state, another Seek Command may be issued, and 
in this manner parallel seek operations may be done on 
up to 4 Drives at once. No other command could be issued 
for as long as FDC is in process of sending Step Pulses to 
any drive. 

If an FDD is in a NOT READY state at the beginning of the 
command execution phase or during the seek operation, 
then the NR (NOT READY) flag is set in Status Register 
to a 1 (high), and the command is terminated after bits 7 
and 6 of Status Register are set to and 1 respectively 

If the time to write 3 bytes of seek command exceeds 150 
ixs, the timing between first two Step Pulses may be shorter 
than set in the Specify command by as much as 1 ms. 

Recalibrate 

The function of this command is to retract the read/write 
head within the FDD to the Track position. The FDC clears 
the contents of the PCN counter, and checks the status of 
the Track signal from the FDD. As long as the Track sig- 
nal is low, the Direction signal remains (low) and Step 
Pulses are issued. When the Track signal goes high, the 
SE (SEEK END) flag in Status Register is set to a 1 (high) 
and the command is terminated. If the Track signal is still 
low after 77 Step Pulses have been issued, the FDC sets 
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags 
of Status Register to both 1 s (highs), and terminates the 
command after bits 7 and 6 of Status Register is set to 
and 1 respectively 

The ability to do overlap RECALIBRATE Commands to 
multiple FDDs and the loss of the READY signal, as 
described in the Seek Command, also applies to the 
RECALIBRATE Command. 

Sense Interrupt Status 

An Interrupt signal is generated by the FDC for one of the 
following reasons: 

1 . Upon entering the Result Phase of: 

a. Read Data Command 

b. Read a Track Command 

c. Read ID Command 

d. Read Deleted Data Command 

e. Write Data Command 

f. Format a Cylinder Command 

g. Write ueleted Data Command 
h. Scan Commands 

2. Ready Line of FDD changes state 

3. End of Seek or Recalibrate Command 

4. During Execution Phase in the NON-DMA Mode 

Interrupts caused by reasons 1 and 4 above occur during 
normal command operations and are easily discernible by 
the processor. During an execution phase in NON-DMA 
Mode, DBS in Main Status Register is high. Upon entering 
Result Phase this bit gets clear. Reason 1 and 4 does not 
require Sense Interrupt Status command. The interrupt is 
cleared by reading/writing data to FDC. Interrupts caused 
by reasons 2 and 3 above may be uniquely identified with 
the aid of the Sense Interrupt Status Command. This com- 
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mand when issued resets the interrupt signal and via bits 
5, 6, and 7 of Status Register identifies the cause of the 
interrupt. 



SEEK 

END 

BITS 5 


INTERRUPT 
CODE 


CAUSE 


BIT 6 


BIT 7 





1 


1 


Ready Line changed state, either 
polarity 


1 








Normal Termination of Seek or 
Recalibrate Command 


■I 


t 


O 


^Abnormal Termtnation tM S«ek or 
Recalibrate Command 



Table 5 

Neither the Seek or Recalibrate Command have a Result 
Phase. Therefore, it is mandatory to use the Sense Inter- 
rupt Status Command after these commands to effectively 
terminate them and to provide verification of where the head 
is positioned (PCN). 

Issuing Sense Interrupt Status Command without interrupt 
pending is treated as an invalid command. 

Specify 

The Specify Command sets the initial values for each of the 
three internal timers. The HUT (Head Unload Time) defines 
the time from the end of the Execution Phase of one of the 
Read/Write Commands to the head unload state. This timer 
is programmable from 16 to 240 ms in increments of 16 ms 
(01 = 16ms, 02= 32ms...OF = 240 ms).TheSRT (Step 
Rate Time) defines the time interval between adjacent step 
pulses. This timer is programmable from 1 to 1 6 ms in incre- 
ments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, etc.). The 
HLT (Head Load Time) defines the time between when the 
Head Load signal goes high and when the Read/Write 
operation starts. This timer is programmable from 2 to 254 



ms in increments of 2 ms (01 = 2 ms, 02 = 4 ms, 03 = 6 
ms...7F = 254 ms). 

The time intervals mentioned above are a direct function of 
the clock (CLK on pin 1 9). Times indicated above are for an 
8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy 
application) then all time intervals are increased by a factor 
of 2. 

The choice of DMA or NON-DMA operation is made by the 
ND (NON-DMA) bit. When this bit is high (ND = 1 ) the NON- 
DMA mode is selected, and when ND = the DMA mode 
is selected. 



Sense Drive Status 

This command may be used by the processor whenever it 
wishes to obtain the status of the FDDs. Status Register 3 
contains the Drive Status information stored internally in 
FDC registers. 



Invalid 

If an invalid command is sent to the FDC (a command not 
defined above), then the FDC will terminate the command 
after bits 7 and 6 of Status Register are set to 1 and 
respectively. No interrupt is generated by the FDC 9266 
during this condition. Bit 6 and bit 7 (DIO and ROM) in the 
Main Status Register are both high ("1") indicating to the 
processor that the FDC 9266 is in the Result Phase and the 
contents of Status Register (STO) must be read. When 
the processor reads Status Register it will find an 80 hex 
indicating an invalid command was received. 

A Sense Interrupt Status Command must be sent after a 
Seek or Recalibrate Interrupt, otherwise the FDC will con- 
sider the next command to be an Invalid Command. 
In some applications the user may wish to use this com- 
mand as a No-Op command, to place the FDC in a standby 
or no operation state. 



STATUS REGISTER IDENTIFICATION 



BIT 


DESCRIPTION 


NO. 


NAME 


SYMBOL 




Interrupt Code 


IC 


D7 = and Ds = 

Normal Termination of Command, (NT). Command was completed 

and properly executed. 


D7 = and De = 1 

Abnormal Termination of Command, (AT). 

Execution of Command was started, but was not successfully 

completed. 


D, = 1 and De = 

Invalid Command issue, (IC). Command which was issued was 

never started. 


D-, = 1 and De = 1 

Abnormal Termination because during command execution the 

ready signal from FDD changed state. 


Da 


Seek End 


SE 


When the FDC completes the SEEK Command, this flag is set to 
1 (high). 


D. 


Equipment Check 


EC 


If a fault Signal is received from the FDD, or if the Track Signal 
fails to occur after 77 Step Pulses (Recalibrate Command) then this 
flag is set. 


Ds 


Not Ready 


NR 


When the FDD is in the not-ready state and a read or write 

command is issued, this flag is set. If a read or write command is i 

issued to Side 1 of a single sided drive, then this flag is set. 


D, 


Head Address 


HD 


This flag is used to indicate the state of the head at Interrupt. 


D, 


Unit Select 1 


US1 


These flags are used to indicate a Drive Unit. Number at Interrupt. 


Do 


Unit Select 


USO 
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BIT 


DESCRIPTION 


NO. 1 NAME 1 SYMBOL 


STATUS REGISTER 1 (CONT) i 


D. 


End of Cylinder 


EN 


When the FDC tries to access a Sector beyond the final Sector of a 
Cylinder, this flag is set. 


Ue 






Noi used. This bit is always (iow). 


Da 


Data Errror 


DE 


When the FDC detects a CRC error in either the ID field or the data 
field, this flag is set. 


D, 


Over Run 


OR 


If the FDC is not serviced by the main-systems during data 
transfers, within a certain time interval, this flag is set. 


D, 






Not used. This bit always (low). 


D= 


No Data 


ND 


During execution of READ DATA, WRITE DELETED DATA or 
SCAN Command, if the FDC cannot find the Sector specified in the 
IDR Register, this flag is set. 


During executing the READ ID Command, if the FDC cannot read 
the ID field without an error, then this flag is set. 


During the execution of the READ A Cylinder Command, if the 
starting sector cannot be found, then this flag is set. 


D, 


Not Writable 


NW 


During execution of WRITE DATA, WRITE DELETED DATA or 
Format A Cylinder Command, if the FDC detects a write protect 
signal from the FDD, then this flag is set. 


Do 


Missing Address Mark 


MA 


If the FDC cannot detect the ID Address Mark after encountering 
the index hole twice, then this flag is set. 


If the FDC cannot detect the Data Address Mark or Deleted Data 
Address Mark, this flag is set. Also at the same time, the MD 
(Missing Address Mark in Data Field) of Status Register 2 is set. 


STATUS REGISTER 2 1 


D. 






Not used. This bit is always (low). 


Da 


Control Mark 


CM 


During executing the READ DATA or SCAN Command, if the FDC 
encounters a sector which contains a Deleted Data Address Mark, 
this flag is set. 


Da 


Data Error in Data Field 


DD 


If the FDC detects a CRC error in the data field then this flag is set. 


D. 


Wrong Cylinder 


WC 


This bit is related with the ND bit, and when the contents of C on the 
medium is different from that stored in the IDR, this flag is set. 


Ds 


Scan Equal Hit 


SH 


During execution, the SCAN Command, if the condition of "equal" 
is satisfied, this flag is set. 


D, 


Scan Not Satisfied 


SN 


During executing the SCAN Command, if the FDC cannot find a 
Sector on the cylinder which meets the condition, then this flag 
is set. 


D, 


Bad Cylinder 


BC 


This bit is related with the ND bit, and when the content of C on the 
medium is different from that stored in the IDR and the content of C 
is FF then this flag is set. 


Do 


Missing Address Mark 
in Data Field 


MD 


When data is read from the medium, if the FDC cannot find a Data 
Address Mark or Deleted Data Address Mark, then this flag is set. 


STATUS REGISTER 3 1 


D. 


Fault 


FT i This bit is used to indicate the status of the Fault signal from 
1 the FDD. 


De 


Write Protected 


WP 


This bit is used to indicate the status of the Write Protected signal 
from the FDD. 


Da 


Ready 


BY 


This bit is used to indicate the status of the Ready signal from 
the FDD. 


D. 


Track 


TO 


This bit is used to indicate the status of the Track signal from 
the FDD. 


Da 


Two Side 


TS 


This bit is used to indicate the status of the Two Side signal from 
the FDD. 


D. 


Head Address 


HD 


This bit is used to indicate the status of Side Select signal 
to the FDD. 


D. 


Unit Select 1 


US1 


This bit is used to indicate the status of the Unit Select 1 signal 
to the FDD. 


Do 


Unit Select 


USO 


This bit is used to indicate the status of the Unit Select signal 
to the FDD. 
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PROCESSOR INTERFACE 

During Command or Result Phases the Main Status Reg- 
ister (described earlier) must be read by the processor 
before each byte of information is written into or read from 
the Data Register After each byte of data read or written to 
Data Register, CPU should wait for 12 |jls before reading 
MSR. Bits D6 and D7 in the Main Status Register must be 
in a and 1 state, respectively, before each byte of the com- 
mand word may be written in the FDC 9266. Many of the 
commands require multiple bytes, and as a result the Main 
Status Register must be read prior to each byte transfer to 
the FDC 9266. On the other hand, 4uj-ingtheResyJt Phase, 
D6 and D7 in the Main Status Register must both be 1 's (D6 
= 1 and D7 = 1 ) before reading each byte from the Data 
Register. Note, this reading of the Main Status Register 
before each byte transfer to the FDC 9266 is required in 
only the Command and Result Phases, and NOT during the 
Execution Phase. 

During the Execution Phase, the Main Status Register need 
not be read. If the FDC 9266 is in the NON-DMA Mode, then 
the receipt of each data byte (if FDC 9266 is reading data 
from FDD) is indicated by an Interrupt signal on pin 18 (INT 
= 1). The g eneration of a Read signal (RD = 0) or Write 
signal (WR = 0) will reset the Interrupt as well as output the 
Data onto the Data bus. If the processor cannot handle 
Interrupts fast enough (every 13 |jls) for MFM and 27 |xs for 
FM mode, then it may poll the Main Status Register and then 
bit D7 (ROM) functions just like the Interrupt signal. If a Write 
Command is in process then the WR signal performs the 
reset to the Interrupt signal. 

If the FDC 9266 is in the DMA Mode, no Interrupts are gen- 
erated during the Execution Phase. The FDC 9266 gener- 
ates DRQ's (DMA Requests) when each byte of data is 
availabie/The DMA Controller responds to thlsrequest with 
both a DACK = (DMA Acknowledge) and a RD = (Read 
signal) . When the DMA Acknowledge signal goes low 
(DACK = 0) then the DMA Request is reset (DRQ = 0). If 
a Write Command has been programmed then a WR signal 
will appear instead of RD. After the Execution Phase has 
been completed (Terminal Count has occurred) or EOT 
sector was read/written, then an Interrupt will occur (INT = 
1). This signifies the beginning of the Result Phase. When 
the first byte of data is read during the Result Phase, the 
Interrupt is automatically reset (INT = 0). 



It is important to note that during the Result Phase all bytes 
shown in the Command Table must be read. The Read Data 
Command, for example has seven bytes of data in the Result 
Phase. All seven bytes must be read in order to success- 
fully complete the Read Data Command. The FDC 9266 
will not accept a new command until all seven bytes have 
been read. Other commands may require fewer bytes to be 
read during the Result Phase. 

The FDC 9266 contains five Status Registers. The Main 
Status Register mentioned above may be read by the pro- 
cessor at any time. The other four Sfatus Regrsters (STO, 
ST1, ST2, and ST3) are only available during the Result 
Phase, and may be read only after completing a command. 
The particular command which has been executed deter- 
mines how many of the Status Registers will be read. 
The bytes of data which are sent to the FDC 9266 to form 
the Command Phase, and are read out of the FDC 9266 in 
the Result Phase, must occur in the order shown in the 
Command Table. That is, the Command Code must be sent 
first and the other bytes sent in the prescribed sequence. 
No foreshortening of the Command or Result Phases are 
allowed. After the last byte of data in the Command Phase 
is sent to the FDC 9266, the Execution Phase automatically 
starts. In a similar fashion, when the last byte of data is read 
out in the Result Phase, the command is automatically 
ended and the FDC 9266 is ready for a new command. 

POLLING FEATURE OF THE FDC 9266 

After the Specify command has been sent to the FDC 9266, 
the Unit Select line USO and US1 will automatically go into 
a polling mode. In between commands (and between step 
pulses in the SEEK command) the FDC 9266 polls all four 
FDD's looking for a change in the Ready line from any of 
the drives. If the Ready line changes state (usually due to 
a door opening or closing) then the FDC 9266 will generate 
an interrupt. When Status Register (STO) is read (after 
Sense Interrupt Status is issued). Not Ready (NR) will be 
indicated. The polling of the Ready line by the FDC 9266 
occurs continuously between commands, thus notifying the 
processor which drives are on or off line. Each drive is polled 
every 1 .024 ms except during the Read/Write commands. 




AC TEST CONDITION 



INPUT/OUTPUT 



2.0V 2,0V 

TEST POINT 
0.8V 0.8V 



> 



AC TESTING 




Inputs are driven at 2.4V for a logic -1 " and 0.45V for a logic "0." Timing measure- 
ments are made at 2.0V for a logic "I " and 0.8V for a logic '0.' 

Clocks are driven at 3.0V for a logic "1 " and 0.3V for a logic "O." Timing measure- 
ments are made at 2.4V for a logic "1 " and 0.65V for a logic "0." 
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PRECOMPENSATION 

The desired precompensation delay is determined by the 
state of the PO, P1 and P2 inputs. Logic levels present on 

incSe pii'iS iTiay Oc CfianyKsu CiyrieiiViiCiiiiiy aS ruiiy ab 11 it! 

inputs are stable during the time the floppy disk controller 
is writing to the drive. 



P2 


PI 


PO 


PRECOMP VALUE 











ONS 








1 


125 NS 





1 





250 NS 





1 


1 


375 NS' 


1 








500 NS* 



WRITE PRECOMPENSATION VALUE SELECTION 



*NOTE: Precomp values of 375 ns and 500 ns are valid only with SV^" drives. 



DATA SEPARATOR 

Thp CnP QORf> Hptca/^fe fhp looHinn /n£inQtiwp\ oHriiie r\i tho 

disk data pulses and adjusts the phase of the internal clock 
to provide the internal SEPCLK signal. 

Separate short- and long-term timing correctors assure 
accurate clock separation. 



The SEPCLK frequency is nominally Vie the CLK frequency 
Depending on the internal timing correction, the duration of 
any SEPCLK half-cycle may vary from a nominal of 8 to a 
minimum of 6 and a maximum of 1 1 internal clock cycles. 



CLK JTJTJTJlJTJTJTJTJXTLrUTJTJTJTn^^ 



SEPCLK* 
SEPD* 



I "-J 

il always two internal clock cycles 



Internal signals to FDC 9266 




ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature ^^^^^^:~^-^2i;2^'^i^- /■ ■ ■ - 1 0°C to + 70°C 

Storage Temperature .^T?r~r2!^. / . , - 55=0 to + 150°C 

All Output Voltages - 0.5 to + 7 Volts 

All Input Voltages - 0.5 to + 7 Volts 

Supply Voltage Vcc - 0.5 to + 7 Volts 

Power Dissipation 1 Watt 

T, = 25°C 

'COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 



DC CHARACTERISTICS T3 = -10°Cto +70°C;Vcc = 


= +5V ±5% unless otherwise specified. 






LIMITS 


TEST 


PARAMETER 


SYMBOL 


MIN ! TYP® 1 MAX 


UNIT CONDITIONS 


Input Low Voltage 


Vl 


-0.5 




0.8 


V 


Input High Voltage 


V,H 


2.0 




Vcc + 0.5 


V 


Output Low Voltage 


Vol 






0.45 


V 


lou = 2.0 mA 1 


Output High Voltage 


VoH 


2.4 




Vcc 


V 


loH = - 200 |jlA 


Input Low Voltage 
(CLK + WR Clock) 


ViL (<b) 


-0.5 




0.65 


V 




Input High Voltage 
(CLK + WR Clock) 


Vh (d)) 


2.4 




Vcc + 0.5 


V 




Vcc Supply Current 


Ice 






200 


mA 




Input Load Current 
(All Input Pins) 


lu 






10 


jxA 


V,N = V'cc 


-10 


|jiA 


Vn = OV 


High Level Output Leakage Current 


Iloh 






10 


^JLA 


VouT = Vcc 


Low Level Output Leakage Current 


'lol 






-10 


,xA 


VouT= + 0.45V 



NOTE: ©Typical values forT^ = 25°C and nominal supply voltage. 



DC CHARACTERISTICS T3 = 25°C;fe = 1 MHz; Vc 



OV 



PARAMETER 


SYMBOL 


LIMITS 




1 
TEST 


MIN 


TYP 


MAX 


UNIT 


CONDITIONS 


Clock Input Capacitance 


^lN(d)) 






20 


PF 


All Pins Except Pin 
Under Test Tied to 
AC Ground 


Input Capacitance 


C|N 






10 


PF 


Output Capacitance 


CqUT 






20 


pF 
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AC CHARACTERISTICS L 



10°Cto +70°C; Vcc = +5V ± 5% unless otherwise specified. 



PARAMETER 


SYMBOL 


LIMITS 


UNIT 


TEST 
CONDITIONS 


MIN 


TYP® 


MAX 


Clock Period 


6cY 


120 


125 


130 


ns 




Clock Active (High, Low) 


cbo 


40 i 




ns 




Clock Rise Time 


6, ; 


20 


ns 




Clock Fall Time 


cb, 




20 


ns 




Ao, CS, DACK Set Up Time to RD i 


T.H 







ns 




Ao, CS, DACK Hold Time from RD ^ 


Tra 







ns 




RD Width 


Irr 


250 




ns 




Data Access Time from RD i 


Tro 






200 


ns 


Cl = 100 pF 


DB to Float Delay Time from RD T 


Top 


20 




100 


ns 


Cl = 100 pF 


Ao, CS, DACK Set Up Time to WR i 


Taw 







1 ns 




Ao, CS, DACK Hold Time to WR T 


'WA 







ns 




WR Width 


'WW 


250 




ns 




Data Set Up Time to WR ^ 


1 DW 


150 


ns 




Data Hold Time from WR ' 


'WD 


5 


ns 


1 


INT Delay Time from RD ■ 


Tr, 




500 


ns 


! 


INT Delay Time from WR T 


' Wl 




500 


ns 


1 


DRQ Cycle Time 


' MCY 


13 


|JLS 




DRQ Delay Time from DACK i 


'AM 




, 200 


ns 




TC Width 


Ttc 


1 


CbcY 




Reset Width 


1 RST 


14 


4>CY 




USo,, Hold Time to RW/SEEK T 


Tus 


12 


|XS 




SEEK/RW Hold Time to LOW 
CURRENT/DIRECTION T 


Tso 


7 


|XS 




LOW CURRENT/DIRECTION Hold 
Time to FAULT 
RESET/STEP T 


'dst 


1.0 


|JLS 


8 MHz Clock Period 


USo 1 Hold Time from FAULT RESET/ 
STEPT 


'sTU 


5.0 


|XS 




STEP Active Time (High) 


' STP 


6.0 7.0 


|JLS 




STEP Cycle Time 


Tsc 


33 (D ' ® 


|i.S 




FAULT RESET Active Time (High) 


TpR 


8.0 : 


10 


|JLS 




USo, Hold Time After SEEK 


Tsu 


15 


|jlS 




Seek Hold Time from DIR 


Tos 


30 


US 


8 MHz Clock Period 


DIR Hold Time after STEP 


Utd 


24 : 


[XS 




Index Pulse Width 


' iDX 


10 


4>CY 




RD i Delay from DRQ 


Imr 


800 




ns 




WRi Delay from DRQ 


'mw 


250 




ns 


R MH7 Glork Period 


WE or RD Response Time 
from DRQ " 


Imrw 


12 


|XS 






NOTES: ©Typical values for T^ = 25°C and nominal supply voltage. 

@ Under Software Control. The range is from 1 ms to 16 ms for 8" floppies, and 2 to 32 ms for SVi" floppies. 
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TIMING DIAGRAMS 



Aq. cs. dack 



PROCESSOR WRITE OPERATION 



PROCESSOR READ OPERATION 



aq, cs, dack 



^ 



ic 



^ Tww fcj^ 



^ 



^ 



t 



-Tdf 



■\_ 



V 



CLOCK 




SEEK OPERATION 



USo, 1 



:x 



X 



DMA OPERATION 






«su, 



1 



\. 



^ 



■^a^ if 



\ 



-Tmcv 



-Tmrw 



WR OR RD I 



/v 



OCE, J^ ^ 



-TMW (WR) 
-Tmr (RD) — ^, 



. tsc- 



FLT RESET 



INDEX 



TERMINAL COUNT 



FAULT RESET = 
FILE UNSAFE RESET 




Jr^f^^^~^ 



Tfr 



TlDX , I T|Dx 




RESET 



For more information, please consult: 
Technical Note 6-1 (Digital Data Separation) 



-Jl 



Trst 



^TT^NITAPn IWIinjnOVCTPM^ Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
'iiOsiXw^ii.iZi'r' ^^^ ' ^ ' ^"'^ tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
CORPUkATIOIVj^^^^^^^^^^B information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
j^^^^^^^^^^^ assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
eltJS'jm "ivk^^jjVS devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CX)RPORATIONi^^^= 



Floppy Disk 

Controller/Formatter 

FDC 



FDC 9791 
FDC 9793 
FDC 9795 
FDC 9797 

IJiPC FAMILY 



FEATURES 

D +5 VOLT ONLY VERSION OF FDC179X-02 
D SOFT SECTOR FORMAT COMPATIBILITY 
D AUTOMATIC TRACK SEEK WITH VERIFICATION 
D ACCOMMODATES SINGLE AND DOUBLE 

DENSITY FORMATS 

IBM 3740 Single Density (FM) 

IBM System 34 Double Density (MFM) 
D READ MODE 

Single/Multiple Sector Read with Automatic Search 
or Entire Track Read 

Selectable 128 Byte or Variable Length Record 
D WRITE MODE 

Single/Multiple Sector Write with Automatic Sector 
Search 

Entire Track Write for Diskette Initialization 
D PROGRAMMABLE CONTROLS 

Selectable Track to Track Stepping Time 

Side Select Compare 
D SYSTEM COMPATIBILITY 

Double Buffering of Data 8 Bit Bi-Directional Bus for 
Data, Control and Status 

DMA or Programmed Data Transfers 

All Inputs and Outputs are TTL Compatible 

On-chip Track and Sector Registers/Comprehensive 
Status Information 
D WRITE PRECOMPENSATION (MFM AND FM) 
D SIDE SELECT LOGIC (FDC 9795, FDC 9797) 
D WINDOW EXTENSION (IN MFM) 



PIN CONFIGURATION 





1 40 [l 




2 


39 ] 




3 


38 ] 




4 


37 ] 




5 


36 ] 




6 


35 3 




7 


34 ] 




8 


33 : 




9 1 


1 32 ] 




10 


31 3 




11 


30 ] 




12 


1 29 ] 




13 


28 ] 




14 


27 3 




15 


26 ] 




16 


25 3 




17 


24 ] 




18 


23 3 




19 


22 ] 




20 


21 ) 



NO 

WE 

CS 

RE 

Ao 

A, 

DALO- 

DALV 

DAL2- 

DAL3- 

DAL 4* 

DAL5' 

DAL 6* 

DAL7' 

STEP 

DIRC 

EARLY 

LATE 

MR 

GND 



'INVERTED BUS FOR FDC 9791, FDC 9795 
PACKAGE: 40 pin D.I. P. 



D INCORPORATES ENCODING/DECODING 

AND ADDRESS MARK CIRCUITRY 
D COMPATIBLE WITH FDC 179X-02 
D COPLAMOS® n-CHANNEL MOS TECHNOLOGY 
D COMPATIBLE WITH THE FDC 9216 FLOPPY DISK 

DATA SEPARATOR 



GENERAL DESCRIPTION 



The FDC 979X is an MOS/LSI device which performs the 
functions of a Floppy Disk Controller/Formatter in a sin- 
gle chip implementation. The basic FDC 979X chip design 
has evolved into four specific parts: FDC 9791 , FDC 9793, 
FDC 9795, and the FDC 9797. 

This FDC family performs all the functions necessary 
to read or write data to any type of floppy disk drive. 
Both 8" and SVa" (mini-floppy) drives with single or double 
density storage capabilities are supported. These n- 
channel MOS/LSI devices will replace a large amount of 
discrete logic required for interfacing a host processor to 
a floppy disk. 

The FDC 9791 is IBM 3740 compatible in single density 
mode (FM) and System 34 compatible in double density 



mode (MFM). The FDC 9791 contains enhanced fea- 
tures necessary to read/write and format a double 
density diskette. These include address mark detection, 
FM and MFM encode and decode logic, window exten- 
sion, and write precompensation. 
The FDC 9793 is identical to the FDC 9791 except the 
DAL lines are TRUE for systems that utilize true data 
busses. 

The FDC 9795 adds side select logic to the FDC 9791. 
The FDC 9797 adds the side select logic to the FDC 9793. 

The processor interface consists of an 8 bit bidirectional 
bus for data, status, and control word transfers. This fam- 
ily of controllers is configured to operate on a multiplexed 
bus with other bus-oriented devices. 
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FDC 979X BLOCK DIAGRAM 



\zi 



DATA 
SHIFT 
REG 



<]r 



Hi 



o 



-^ 



V 



izr^ 



-C RAW READ 



DRO 




COMPUTER 
INTERFACE 
CONTROL 


CONTROL 


PLA 
CONTROL 
(230 X 16) 


CONTROL 


DISK 
INTERFACE 
CONTROL 




WG 




* INTRO 




TG43 


^ 








WPRT 




nn 


^wf^/vriT _ 


R 






JP 


" 


RE 










ws 




READY 


AO 








* 


STEP 




A1 






DIRC 










EARLY 


* 






LATE 




CLK 




RG/SSO 


' 


DDEN 






HLD 


_ 




HLT 



















^ DATA (8) ^ 



m 



■m. 



SYSTEM BLOCK DIAGRAM 



1' 



FLOPPY DISK 
CONTROLLER/ 
FORMATTER 



10K 
WG 



TroS 



ONE SHOT 
(IF USED) 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


1 


NO CONNECTION 


NC 


This pin is internally connected to the substrate bias generator and 
must be left open. 


20 


GROUND 


Vss 


Ground 


21 


POWER SUPPLY 


Vcc 


-^5V 


40 


N0C0NNECT40N 


nc^ 


TJwpin4snot connected. 


19 


MASTER RESET 


MR 


A logic low on this input resets the device and loads HEX 03 into 
the command register. The Not Ready (Status Bit 7) is reset during 
MR ACTIVE. When MR is brought to a logic high a Restore 
Command is executed, regardless of the state of the Ready signal 
from the drive. Also, HEX 01 is loaded into the sector register. 


COMPUTER INTERFACE: 


2 


WRITE ENABLE 


WE 


A logic low on this input gates data on the DAL into the selected 
register when CS is low. 


3 


CHIP SELECT 


CS 


A logic low on this input selects the chip and the parallel 
data bus (DAL). 


4 


READ ENABLE 


RE 


A logic low on this input controls the placement of data from a 
selected register on DAL0-DAL7 when CS" is low. 


5,6 


REGISTER SELECT 
LINES 


AO, A1 


These inputs select the. register to receive/transfer data on the DAL 
lines under RE and WE control: 




A1 


AO 


RE 


WE 







1 
1 




1 


1 


Status Reg 
Track Reg 
Sector Reg 
Data Reg 


Command Reg 
Track Reg 
Sector Reg 
Data Reg 


7-14 


DATA ACCESS LINES 


DALO- 
DAL7 


Eight bit Bidirectional bus used for transfer of data, control, and 
status. This bus is a receiver enabled by WE or a transmitter 
enabled by RE. The Data Bus is inverted on the FDC 9791, FDC 9792 
and FDC 9795. 


24 


CLOCK 


CLK 


This input requires a free-running square wave clock for internal 
timing reference, 2 MHz for 8" drives, 1 MHz for SV*" drives. 


38 


DATA REQUEST 


DRQ 


This open drain output indicates that the DR contains assembled 
data in Read operations, or the DR is empty in Write operations. 
This signal is reset when serviced by the computer through reading 
or loading the DR in Read or Write operations, respectively. Use a 
10K pull-up resistor to +5V. 


39 


INTERRUPT REQUEST 


INTRQ 


This open drain output is set at the completion or termination 
of any operation and is reset when a new command is loaded into 
the command register or the status register is read. Use a 10K 
pull-up resistor to +5V. 


FLOPPY DISK INTERFACE: 


15 


STEP 


STEP 


Step and direction motor control. The step output contains a pulse 
for each step. 


16 


DIRECTION 


DIRC 


Direction Output is active high when stepping in, active low when 
stepping out. 


17 


EARLY 


EARLY 


Indicates that the write data pulse occurring while Early is active 
(high) should be shifted early for write precompensation. 


18 


LATE 


LATE 


Indicates that the write data pulse occurring while Late is active 
(high) should be shifted late for write precompensation. 


22 






This input is used for testing purposes only and should be tied to 
-SV or left open by the user unless interfacing to voice coil 
actuated motors. 


TEST 


TEST 


23 


HEAD LOAD TIMING 


HLT 


When a logic high is found on the HLT input the head is assumed 
to be engaged. 
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PIN NO. 


NAME 


SYMBOL 


FUNCTION 


25 


READ GATE (9791/3) 


RG 


A high level on this output Indicates to the data separator circuitry 
that a field of zeros (or ones) has been encountered, and is used 
for synchronization. 


25 


SIDE SELECT OUTPUT 
(9795, 9797) 


SSO 


The logic level of the Side Select Output is directly controlled by 
the 'S' flag in Type II or III commands. When S = 1, SSO is set to 
a logic 1. When S =0, SSO is set to a logic 0. The Side Select Output 
is only updated at the beginning of a Type II or III command. It is 
forced to a logic upon a MASTER RESET condition. 


26 


READ CLOCK 


RCLK 


A nominal square-wave clock signal derived from the data stream 
must be provided to this input. Phasing (i.e. RCLK transitions) 
relative to RAW READ is important but polarity (RCLK high or low) 
is not. 


27 




RAW 
READ 


The data input signal directly from the drive. This input shall be a 
negative pulse for each recorded flux transition. 


RAW READ 


28 


HEAD LOAD 


HLD 


The HLD output controls the loading of the Read-Write head 
against the media. 


29 


TRACK GREATER 
THAN 43 


TG43 


This output informs the drive that the Read/Write head is positioned 
between tracks 44-76. This output is valid only during Read and 
Write Commands. 


30 


WRITE GATE 


WG 


This output is made valid before writing is to be performed 
on the diskette. 


31 


WRITE DATA 


WD 


A 250 ns (MFM) or 500 ns (FM) pulse per flux transition. WD contains 
the unique Address marks as well as data and clock in both FM and 
MFM formats. 


32 


READY 


READY 


This input indicates disk readiness and is sampled for a logic high 
before Read or Write commands are performed. If Ready is low the 
Read or Write operation is not performed and an interrupt is 
generated. Type 1 operations are performed regardless of the state 
of Ready. The Ready input appears in inverted format as Status 
Register bit 7. 


33 


WRITE FAULT/ 
VFO ENABLE 


WF/VFOE 


This is a bi-directional signal used to signify writing faults at the 
drive, and to enable the external PLO data separator. When WG = 1, 
Pin 33 functions as a WF input. If WF = 0, any write command will 
immediately be terminated. When WG = 0, Pin 33 functions as a 
VFOE output. VFOE will go low during a read operation after the 
head has loaded and settled (HLT = 1 ). On the 9795/7, it will remain 
low until the last bit of the second CRC byte in the ID field. VFOE 
will then go high until 8 bytes (MFM) or 4 bytes (FM) before the 
Address Mark. It will then go active until the last bit of the second 
CRC byte of the Data Field. On the 9791 /3, VFOE will remain low 
until the end of the Data Field. 


34 


TRACK 00 


TROO 


This input informs the FDC 979X that the Read/Write head is 
positioned over Track 00. 


35 


INDEX PULSE 


IP 


This input informs the FDC 979X when the index hole is encountered 
on the diskette. 


36 


WRITE PROTECT 


WPRT 


This input is sampled whenever a Write Command is received. 
A logic low terminates the command and sets the Write Protect 
Status bit. 


37 


DOUBLE DENSITY 


dd£n 


This pin selects either single or double density operation. When 


DDEN = 0, double density is selected. When DDEN = 1 , single 
density is selected. 
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FUNCTIONAL DESCRIPTION 



The FDC 979X major functional blocks are as follows: 
Data Shift Register— This 8-bit reg ister assemb les serial 
data from the Read Data input (RAW READ) during 
Read operations and transfers serial data to the Write 
Data output during Write operations. 
Data Register— This 8-bit register is used as a holding 
register during Disk Read and Write operations. In Disk 
Read operations the assembled data byte is transferred 
in parallel to the Data Register from the Data Shift 
Register, tn DtsR Write operattons information ts trans- 
ferred in parallel from the Data Register to the Data 
Shift Register. 

When executing the Seek command the Data Register 
holds the address of the desired Track position. This 
register is loaded from the DAL and gated onto the DAL 
under processor control. 

Sector Register (SR)— This 8-bit register holds the 
address of the desired sector position. The contents 
of the register are compared with the recorded sector 
number in the ID field during disk Read or Write opera- 
tions. The Sector Register contents can be loaded from 
or transferred to the DAL. This register should not be 
loaded when the device is busy. 

Command Register (CR)— This 8-bit register holds the 
command presently being executed. This register should 
not be loaded when the device is busy unless the new 
command is a Force Interrupt. The command register 
can be loaded from the DAL, but not read onto the DAL. 
Status Register (STR)— This 8-bit register holds device 
Status information. The meaning of the Status bits is a 
function of the type of command previously executed. 



This register can be read onto the DAL, but not loaded 
from the DAL. 

CRC Logic— This logic is used to check or to generate 
the 16-bit Cyclic Redundancy Check (CRC). The poly- 
nomial is: G(x)=x'6+x^2+x5+1. 

Tracit Register— This 8-bit register holds the track 
number of the current Read/Write head position. It is 
incremented by one every time the head stepped in 
(towards track 76) and decremented by one when the 
head is stepped out (towards track 00). Ttie contents 
of the register are compared with the recorded track 
number in the ID field during disk Read, Write, and 
Verify operations. The Track Register can be loaded 
from or transferred to the DAL. This Register should not 
be loaded when the device is busy. 
The CRC includes all information starting with the 
address mark and up to the CRC characters. The CRC 
register is preset to ones prior to data being shifted 
through the circuit. 

Arithmetic/Logic Unit (ALU) — The ALU is a serial 

comparator, incremented and decrementer and is used 

for register modification and comparisons with the disk 

recorded ID field. 

Timing and Control — All computer and Floppy Disk 

Interface controls are generated through this logic. The 

internal device timing is generated from an external 

crystal clock. 

AIM Detector— The address mark detector detects ID, 

data and index address marks during ready and 

write operations. 



OPERATION 



FDC 9791 , FDC 9793, FDC 9795 and FDC 97 97 have two 
modes of operatio n according to the state of DDEN (Pin 
37). When DDEN = 1 , single density is selected. In either 
case, the CLK input (Pin 24) is at 2 MHz. However, when 
interfacing with the mini-floppy, the CLK input is set at 1 
MHz for both single density and double density. When the 
clock is at 2 MHz, the stepping rates of 3, 6, 10 and 15 ms 
are obtainable. When CLK equals 1 MHz these times are 
doubled. 



Disk Read Operation 

Sector lengths of 128, 256, 512 or 102 4 are ob tainable in 
either FM or MFM formats. For FM, DDEN should be 
placed to logical "1 ". For MFM formats, DDEN should be 
placed to a logical "0". Sector lengths are determined at 
format time by a special byte in the "ID" field. If this Sec- 
tor length byte in the ID field is zero, then the sector length 
is 128 bytes. If 01 then 256 bytes. If 02, then 512 bytes. If 
03, then the sector length is 1024 bytes. The number of 
sectors per track can be from 1 to 255 sectors. The num- 
ber of tracks is from to 255 tracks. 



For read operations, the FDC 979X requires RAW READ 
Data (Pin 27) signal which is a 250 ns pulse per flux tran- 
sition and a Read clock (RCLK) signal to indicate flux 
transition spacings. The RCLK (Pin 26) signal is 



provided by some drives but if not, it may be derived 
externally by Phase lock loops, one shots, or counter 
techniques. In addition, a Read Gate Signal is provided 
as an output (Pin 25) which can be used to inform phase 
lock loops when to acquire synchronization. When read- 
ing from the media in FM, RG is made true when 2 bytes 
of zeroes are detected. The FDC 979X must find an 
address mark within the next 10 bytes; otherwise RG is 
reset and the search for 2 bytes of zeroes begins all over 
again. If an address mark is found within 10 bytes, RG 
remains true as long as the FDC 979X is deriving any 
useful information from the data stream. Similarly for 
MFM, RG is made active when 4 bytes of "00" of "FF" are 
detected. The FDC 979X must find an address mark 
within the next 16 bytes, otherwise RG is reset and 
search resumes. 

During read operations (WG = 0), the VFOE (Pin 33 ) is 
provided for phase lock loop synchronization. VFOE will 
go active when: 

a) Both HLT and HLD are True 

b) Settling Time, if programmed, has expired 

c) The 979 X is inspecting data off the disk 

If WF/VFOE is not used, leave open or tie to a 1 0K resistor 
to +5. 

On Disk Read operations the Data Request is activated 
(set high) when an assembled serial input byte is 
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transferred in parallel to the Data Register. This bit 
is cleared when the Data Register is read by the pro- 
cessor. If the Data Register is read after one or more 
characters are lost by having new data transferred into 
the register prior to processor readout, the Lost Data bit 
is set in the Status Register. The Read operation con- 
tinues until the pnri nf Rpctnr is rpanhpH 

Disk Write Operation 

When writing is to take place on the diskette the Write 
Gate (WG) output is activated, allowing current to flow 
into the Read/Write head. As a precaution against 
erroneous writing the first data byte must be loaded into 
the Data Register in response to a Data Request from the 
FDC 979X before the Write Gate signal can be activated. 
Writing is inhibited when the Write Protect input is a 
logic low, in which case any Write command is immedi- 
ately terminated, an interrupt i s generated and the Write 
Protect status bit is set. The Write Fault input, when 
activated, signifies a writing fault condition detected 
in disk drive electronics such as failure to detect write 
current flow when the Write Gate is activated. On detec- 
tion of this fault the FDC 979X terminates the current 
command, and sets the Write Fault bit (bit 5) in the Status 
Word. The Write Fault input should be made inactive 
when the Write Gate output becomes inactive. 

For write operations, the FDC 979X provides Write Gate 
(Pin 30) and Write Data (Pin 31) outputs. Write d ata 
consists of a series of 500 ns pulses in FM (DDEN = 1) 



and 250 ns pulses in MFM (DDEN=0). Write Data pro- 
vides the unique address marks in both formats. 

Also during write, two additional signals are provided 
for write precompensation. These are EARLY (Pin 17) 
and LATE (Pin 18). EARLY is active true when the WD 
pulse appearing on (Pin 30) is to be written early. LATE 

io aCiivc ifuc Wi icn tiie vyu puiSe iS lO uv vvritici'i i_AM c. 

If both EARLY and LATE are low when the WD pulse is 
present, the WD pulse is to be written at nominal. Since 
write precompensation values vary from disk manu- 
facturer to disk manufacturer, the actual value is 
determined by several one shots or delay lines which are 
located external to the FDC 979X. The write precompen- 
sation signals EARLY and LATE are valid for the duration 
of WD in both FM and MFM formats. 

On Disk Write operations the Data Request is activated 
when the Data Register transfers its contents to the 
Data Shift Register, and requires a new data byte. It is 
reset when the Data Register is loaded with new data by 
the processor. If new data is not loaded at the time the 
next serial byte is required by the Floppy Disk, a byte 
of zeroes is written on the diskette and the Lost Data 
bit is set in the Status Register. 

At the completion of every command an INTRO is 
generated. INTRO is reset by either reading the status 
register or by loading the command register with a new 
command. In addition, INTRO is generated if a Force 
Interrupt command condition is met. 



COMMAND WORDS 



The FDC 979X will accept eleven commands. Command 
words should only be loaded in the Command Register 
when the Busy status bit is off (Status bit 0). The one 
exception is the Force Interrupt command. Whenever 
a command is being executed, the Busy status bit is set. 
When a command is completed, an interrupt is gener- 
ated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered 
an error or was fault free. For ease of discussion, 
commands are divided into four types. Commands and 
types are summarized in Table 1. 



Table 1. Command Summary 










BITS 


COMMAND 


TYPE 


7 


6 


5 


4 3 


2 


1 


Restore 













h 


V 


ri ro 


Seek 













1 h 


V 


ri ro 


Step 










1 


u h 


V 


ri ro 


Step In 







1 





u h 


V 


ri ro 


Step Out 







1 


1 


u h 


V 


ri ro 


Read Sector 


II 










m F2 


E 


Fi 


Write Sector 


II 







1 


m Fz 


E 


Fi ao 


Read Address 


III 




1 








E 





Read Track 


III 




1 


1 





E 





Write Track 


III 




1 


1 


1 


E 





Force Interrupt 


IV 




1 





1 U 


l2 


li Io 



Type I Commands 

The Type I Commands are Restore, Seek, Step, Step-in, 
and Step-Out. Each of the Type I Commands contains a 
rate field (rori), which determines the stepping motor 
rate as defined in Table 2. 

The Type I Commands contain a head load flag (h) which 
determines if the head is to be loaded at the beginning 
of the command. If h = 1, the head is loaded at the 
beginning of the command (HLD output is made active). 
If h=0, HLD is deactivated. Once the head is loaded, 
the head will remain engaged until the FDC 979X receives 
a command that specifically disengages the head. If 
the FDC 979X is idle (busy = 0) for 15 revolutions of the 
disk, the head will be automatically disengaged (HLD 
made inactive^. 

The Type I Commands also contain a verification (V) 
flag which determines if a verification opferation is to 
take place on the destination track. If V=1, a verification 
is performed, if V=0, no verification is performed. 
During verification, the head is loaded and after an 
internal 15 ms delay, the HLT input is sampled. When 
HLT is active (logic true), the first encountered ID field 
if read off the disk. The track address of the ID field is 
then compared to the Track Register; if there is a match 
and a valid ID CRC, the verification is complete, an 
interrupt is generated and the Busy status bit is reset. If 
there is not a match but there is valid ID CRC, an interrupt 
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is generated, and Seek Error Status bit (Status bit 4) is 
set and the Busy status bit is reset. If there is a match but 
not a valid CRC, the CRC error status bit is set (Status 
bit 3), and the next encountered ID field is read from the 
disk for the verification operation. If an ID field with a 
valid CRC cannot be found after four revolutions of the 
disk, the FDC 979X terminates the operation and sends 
an interrupt (INTRQ). 

The Step, Step-in, and Step-Out commands contain an 
Update flag (u). When u = 1, the track register is updated 
by one for each step. When u=0, the track register is 
not updated. 

On the FDC 9795/7 devices, the SSO output is not 
affected during Type 1 commands, and an internal side 
compare does not take place when the (V) Verify Flag 
is on. 

Restore (Seek Track 0) 



Upon receipt of thi s com mand the Track 00 (TROO) 
input is sampled, if TROO is active low indicating the 
Read-Write head is positioned over track 0, the Track 
Registe r is lo aded with zeroes and an interrupt is gener- 
ated, if TROO is not active low, stepping pulses (pins 15 
to 1 6) at a rate specified by the riro field are issued until 
the TRSO input is activated. At this time the Track 
Register is l oaded with zeroes and an interrupt is gener- 
ated. If the TROO input does not go active low after 255 
stepping pulses, the FDC 979X terminates operation, 
interrupts, and sets the Seek error status bit. A verification 
operation takes place if the V flag is set. The h bit allows 
the head to be loaded at the start of command. Note that 
the Restore command is executed when MR goes from 
an active to an inactive state. 

Seek 

This command assumes that the Track Register contains 
the track number of the current position of the Read- 
Write head and the Data Register contains the desired 
track number. The FDC 979X will update the Track 
register and issue stepping pulses in the appropriate 
direction until the contents of the Track register are 
equal to the contents of the Data Register (the desired 
track location). A verification operation takes place if the 
V flag is on. The h bit allows the head to be loaded at the 
start of the command. An interrupt is generated at the 
completion of the command. 

Step 

Upon receipt of this command, the FDC 979X issues one 
stepping pulse to the disk drive. The stepping motor 
direction is the same as in the previous step command. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. If the u flag is on, the Track 
Register is updated. The h bit allows the head to be 
loaded at the start of the command. An interrupt is 
generated at the completion of the command. 

Step- In 

Upon receipt of this command, the FDC 979X issues one 
stepping pulse in the direction towards track 76. If the 
u flag is on, the Track Register is incremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of the command. An interrupt is 
generated at the completion of the command. 



Step-Out 

Upon receipt of this command, the FDC 979X issues one 
stepping pulse in the direction towards track 0. If the 
u flag is on, the Track Register is decremented by one. 
After a delay determined by the riro field, a verification 
takes place if the V flag is on. The h bit allows the head to 
be loaded at the start of command. An interrupt is 
generated at the completion of the command. 

Head Positioning 

The period of each positioning step is specified by the 
r field in bits 1 and of the command word. After the 
last directldhal step an additional 15 mtttiseconds of 
head settling time takes place if the Verify flag is set in 
Type I commands. Note th at this time doubles to 30 ms 
for a 1 MHz clock. If TEST=0, there is zero settling time. 
There is also a 15 ms head settling time if the E flag is set 
in any Type II or III command. 

The rates (shown in Table 2) can be applied to a Step- 
Direction Motor through the device interface. 
Step— A2/iS (MFM) orA/js (FM) pulse is provided as an 
output to the drive. For every step pulse issued, the 
drive moves one track location in a direction determined 
by the direction output. 

Direction (DIRC)— The Direction signal is active high 
when stepping in and low when stepping out. The Direc- 
tion signal is valid 12 fjts before the first stepping pulse 
is generated. 

When a Seek, Step or Restore command is executed an 
optional verification of Read-Write head position can be 
performed by setting bit 2 (V=1) in the command word 
to a logic 1. The verification operation begins at the end 
of the 15 millisecond settling time after the head is 
loaded against the media. The track number from the 
first encountered ID Field is compared against the 
contents of the Track Register. If the track numbers 
compare and the ID Field Cyclic Redundancy Check 
(CRC) is correct, the verify operation is complete and an 
INTRQ is generated with no errors. The FDC 979X must 
find an ID field with correct track number and correct 
CRC within 5 revolutions of the media; otherwise the 
seek error is set and an INTRQ is generated. 

Table 2. Stepping Rates 



clk: 
dden: 

ri To 


2 MHz 


TEST=1 


2 MHz 

1 
TEST=1 


1 MHz 


TEST=1 


1 MHz 

1 
TEST=1 


2 MHz 

x 

TEST=0 


1 MHz 

X 
TEST=0 




1 

1 

1 1 


3 ms 

6 ms 

10 ms 

15 ms 


3 ms 

6 ms 

10 ms 

15 ms 


6 ms 
12 ms 
20 ms 
30 ms 


6 ms 
12 ms 
20 ms 
30 ms 


190/js 
198/js 
208fjs 


368/iS 
380/us 
396IJS 
4^6^JS 



The Head Load (HLD) output controls the movement of 
the read/write head against the media. HLD is activated 
at the beginning of a Type I command if the h flag is 
set (h = 1), at the end of the Type I command if the verify 
flag (V= 1), or upon receipt of any Type II or III command. 
Once HLD is active it remains active until either a Type I 
command is received with (h = and V=0); or if the 
FDC 979X is in an idle state (non-busy) and 15 index 
pulses have occurred. 

Head Load Timing (HLT) is an input to the FDC 979X 
which is used for the head engage time. When HLT = 1 , 
the FDC 979X assumes the head is completely engaged. 
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The head engage time is typically 30 to 100 ms depend- 
ing on drive. The low to high transition on HLD is 
typically used to fire a one shot. The output of the one 
shot is then used for HLT and supplied as an input to 
the FDC 979X. 



HLDf- 



i- i 



SOTO lOOmS- 



HLT (FROM ONE SHOT) 



Head Load Timing 

When both HLD and HLT are true, the FDC 979X will then 
read from or write to the media. The "and" of HLD and 
HLT appears as a status bit in Type I status. 



TYPE I COMMANDS FLAG SUMMARY 



h = Head Load Flag (Bit 3) 
h = 1, Load head at beginning 
h=0, Unload head at beginning 

V= Verify flag (Bit 2) 

V=1, Verify on destination track 
V=0, No verify 

riro= Stepping motor rate (Bits 1-0) 
Refer to Table 2 for rate summary 

u= Update flag (Bit 4) 
u=1, Update Track register 
u = 0, No update 



Type II Commands 

The Type II Commands are the Read Sector and Write 
Sector commands. Prior to loading the Type 1 1 Command 
into the Command Register, the system must load the 
Sector Register with the desired sector number Upon 
receipt of the Type II command, the busy status Bit is 
set. If the E flag =1 (this is the normal case) HLD is made 
active and HLT is sampled until true after a 15 msec delay. 
If the E flag is 0, HLD is made active and HLT is sampled 
with no delay until true. The ID field and Data Field 
format are shown below. 

When an ID field is located on the disk, theFDC979X 
compares the Track Number on the ID field with the 
Track Register If there is not a match, the next encountered 
ID field is read and a comparison is again made. If there 



is a match, the Sector Number of the ID field is compared 
with the Sector Register If there is not a Sector match, 
the next encountered ID field is read off the disk and 
comparisons again made. If the ID field CRC is correct, 
the data field is then located and will be either written 

into, or read from depending unnn thp r.nmmanr\ Tho 

FDC 979X must find an ID field with a Track number. 
Sector number, side number, and CRC within four 
revolutions of the disk; otherwise, the Record not found 
status bit is set (Status bit 3) and the command is ter- 
minated with an interrupt. 

Each of the Type II Commands contains an (m) fla^ 
which determines if multiple records (sectors) are to be 
read or written, depending upon the command. If m=0, 
a single sector is read or written and an interrupt is 
generated at the completion of the command. If m = 1, 
multiple records are read or written with the sector 
register internally updated so that an address verification 
can occur on the next record. The FDC 979X will read 
or write multiple records starting with the sector presently 
in the sector register The FDC 979X will continue to read 
or write multiple records and update the sector register 
until the sector register exceeds the number of sectors 
on the track or until the Force Interrupt command is 
loaded into the Command Register, which terminates 
the command and generates an interrupt. 
If the Sector Register exceeds the number of sectors on 
the track, the Record-Not-Found status bit will be set. 
The Type 11 commands also contain side select compare 
flags. When C=0, no side comparison is made. When 
C=1, the LSB of the side number is read off the ID 
Field of the disk and compared with the contents of 
the (S) flag. If the S flag compares with the side number 
recorded in the ID field, the 979X continues with the ID 
search. If a comparison is not made within 5 index 
pulses, the interrupt line is made active and the Record- 
Not-Found status bit is set. 

The FDC 9795/7 READ SECTOR and WRITE SECTOR 
commands include a 'b' flag. The 'b' flag, in conjunction 
with the sector length byte of the ID Field, allows different 
byte lengths to be implemented in each sector For IBM 
compatability, the 'b' flag should be set to a one. The 
's' flag allows direct control over the SSO Line (Pin 25) 
and is set or reset at the beginning of the command, 
dependent upon the value of this flag. 



Sector Length Table (9791/3 only) 



Sector Length 
Field (hex) 



Number of Bytes 
in Sector (decimal) 



00 
01 
02 
03 



128 

256 

512 

1024 



Field Fomiat 



GAP 



ID 
AM 



TRACK 
NUMBER 



SIDE 
NUMBER 



SECTOR 
NUMBER 



SECTOR 
LENGTH 



CRC 
1 



ID FIELD 



CRC 
2 



GAP 
II 



DATA 
AM 



DATA FIELD 



CRC 

1 



CRC 
2 



DATA FIELD 



In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5 missing, 
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Read Sector 

Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID field 
is encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, the data field is presented to the computer. The 
Data Address Mark of the data field must be found within 
30 bytes in single density and 43 bytes in double density 
of the last ID field CRC byte; if not, the Record-Not- 
Found status bit is set and the operation is terminated. 
When the first character or byte of the data field has 
been shifted through the DSR,Tt is transferred to the DR, 
and DRQ is generated. When the next byte is accumu- 
lated in the DSR, it is transferred to the DR and another 
DRQ is generated. If the Computer has not read the 
previous contents of the DR before a new character is 
transferred that character is lost and the Lost Data 
Status bit is set. This sequence continues until the com- 
plete data field has been inputted to the computer. If 
there is a CRC error at the end of the data field, the 
CRC error status bit is set, and the command is termi- 
nated (even if it is a multiple record command). 
At the end of the Read operation, the type of Data 
Address Mark encountered in the data field is recorded 
in the Status Register (Bit 5) as shown below: 

STATUS 
BITS 



Write Sector 

Upon receipt of the Write Sector command, the head 
is loaded (HLD active) and the Busy status bit is set. 
When an ID field is encountered that has the correct 
track number, correct sector number, correct side 
number, and correct CRC, a DRQ is generated. The 
FDC 979X counts off 11 bytes in single density and 22 
bytes in double density from the CRC field and the Write 
Gate (WG) output is made active if the DRQ is serviced 
(i.e., the DR has been loaded by the computer). If DRQ 
has not been serviced, the command is terminated and 
the Lost Data status bit 4s set. 14 the ORQ has been ser- 
viced, the WG is made active and six bytes of zeros in 
single density and 12 bytes in double density are then 
written on the disk. At this time the Data Address Mark 
is then written on the disk as determined by the ao field 
of the command as shown below: 



ao 



Data Address Mark (Bit 0) 



Deleted Data Mark 
Data Mark 



Deleted Data Mark 
Data Mark 



The FDC 979X then writes the data field and generates 
DRQ's to the computer If the DRQ is not serviced in 
time for continuous writing the Lost Data Status Bit is 
set and a byte of zeros is written on the disk. The com- 
mand is not terminated. After the last data byte has been 
written on the disk, the two-byte CRC is computed 
internally and written on the disk followed by one byte 
of logic ones in FM or in MFM. The WG output is 
then deactivated. 



BIT 


COMMAND 


7 


6 


5 


4 


3 


2 


1 





1 








m 


F2 


E 


F, 





READ SECTOR 


'1 





1 


m 


F2 


E 


Fi 


ao 


WRITE SECTOR 



ro=Write hex FB (data) into Data Address Mark field 
DATA ADDRESS MARK (ao)—Uj, - -■••■■-' 



Write hex F8 (deleted data) into Data AM field 

ro=Side number not tested 
F, (9791/3) SIDE COMPARE FLAG (C) -tl=Side number tested 

ro=Update SSO to 
_ F, (9795/7) SIDE SELECT FLAG (S) — Li=Update SSO to 1 

no=No delay between HLD activation and HLT Sampling 
DELAY(E)-[_,^.,5 • - • •• ....^— - 



; ms delay between HLD activating and HLT Sampling 



F2 (9791/3) SIDE SELECT FLAG (S) 



ro=Compare for side 

U=Compare for side 1 



Sector Length Field 
00 01 10 11 



256 
128 



512 
256 



1024 128 
512 1024 



F2 (9795/7) SECTOR LENGTH FLAG (t')[_.,= 

rO=Read (or Write) Single Sectors 
MULTIPLE SECTORS ('")-Li=Read (or Write) Multiple Sectors 



Figure 1. Type II and III Flag Summary 
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Type III Commands 

There are three Type III Commands: 

• READ ADDRESS— Read the next ID field (6 bytes) 
into the FDC. 

• READ TRACK— Read all bytes of the entire track, 

inoliiHinn rranc 
■ ■■-• ——•• -zi a— r— ■ 

• WRITE TRACK— Write all bytes to the entire track, 
including gaps. 

Read Address 

Upon receipt of the Read Address command, the head is 
loaded and the Busy Status Bit is set. The next en- 
countered ID field is then read in from the disk, and the 
six data bytes of the ID field are assembled and trans- 
ferred to the DR, and a DRQ is generated for each byte. 
The six bytes of the ID field are shown below: 



TRACK 
ADDR 


SIDE 
NUMBER 


SECTOR 
ADDRESS 


SECTOR 
LENGTH 


CRC 

1 


CRC 
2 


1 


2 


3 


4 


5 


6 



Although the CRC characters are transferred to the 
computer, the FDC979X checks for validity and the CRC 



error status bit is set if there is a CRC error The Track 
Address of the ID field is written into the sector register. 
At the end of the operation an interrupt is generated and 
the Busy Status is reset. 
Read Track 

Upon receipt of the Read Track command, the head is 
loaded and the Busy Status bit is set. Reading starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse. As each 
byte Is assembled it is transferred to the Data Register 
and the Data Request is generated for each byte. No 
CRC checking is performed. Gaps are included in the 
input data stream. The accumulation of bytes is synchro- 
nized to each Address Mark encountered. Upon com- 
pletion of the command, the interrupt is activated. RG 
is not activated during the Read Track Command. An 
internal side compare is not performed during a 
Read Track. 

Write Track 

Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit is set. Writing starts 
with the leading edge of the first encountered index 
pulse and continues until the next index pulse, at which 




01-1A 
01 -OF 
01-08 



•DR=F5 WRITE 3 TIMES MFM ONLY 



Figure 2. IBM Compatible Sector/Track Format 
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time the interrupt is activated. The Data Request is 
activated immediately upon receiving the command, 
but writing vs/ill not start until after the first byte has been 
loaded into the Data Register. If the DR has not been 
loaded by the time the index pulse is encountered the 
operation is terminated making the device Not Busy, the 
Lost Data Status Bit is set, and the Interrupt is activated. 
If a byte is not present in the DR when needed, a byte of 
zeros is substituted. Address Marks and CRC characters 
are written on the disk by detecting certain data byte 
patterns in the outgoing data stream as shown in the 
table beJow. The CRC generator is initialized when any 
data byte from F8 to FE is about to be transferred from 
the DR to the DSR in FM or by receipt of F5 in MFM. 
Disk formatting (initialization) is accomplished by the 
Write Track command. Each byte for the entire track 
must be provided for proper formatting. This includes 
gap as well as data bytes. 

The sequence required to format a diskette begins with 
positioning the Read/Write head at the desired track. 
Once this has been done, it is necessary to perform a 
Write Track command to store all the information on a 
track. The Write Track command uses DRQ to request 
each byte from the system MPU, starting with the byte at 
the beginning of the physical Index Pulse and ending 
with the last gap bytes at the end of the track. Figure 2 
illustrates the IBM standard for track formatting. 
Normally, each data byte stored on the diskette must 
be generated by the system MPU and passed into the 
FDC Data Register. However, there are exceptions to 
this rule. If a data byte of hex F5 through FE is entered 
into the Data Register, then the FDC recognizes this as 
an AM with missing clocks or CRC generation code. 
Consequently, F5 through FE must not be used in gaps, 
data fields, or ID fields, as this will disrupt normal opera- 
tion of the FDC during formatting. 



Type IV Commands 

Force Interrupt is the only Type IV command. This 
command permits the MPU to terminate (abort) any 
command in progress. Figure 3 tabulates the Type IV 
command option bits. 

The four bits, lo-U, are used to select the condition of the 
interrupt occurrence. Regardless of which bit is set, any 
command currently being executed is immediately 
terminated and the Busy status bit is cleared, indicating 
"Not Busy". Then, when the condition is met, INTRQ 
goes high, causing the required interrupt. 
If lo-ia are all "0", no interrupt occurs, but any currently 
executing command is immediately terminated. If more 
than one condition is selected, then the interrupt occurs 
when any of the conditions is met. 
To clear the interrupt, it is necessary to read the Status 
Register or to write the Command Register. An exception, 
however, is for l3=1 (Immediate Interrupt). For this case, 
the interrupt is cleared with another Force Interrupt 
command with I0-I3 all low. 

Status Register 

The Status Register permits the MPU to monitor a variety 
of conditions in the FDC. For each command, the 
individual status bits have their own meaning. When a 
command is initiated (except for the Force Interrupt 
command), the Busy status bit is set and the others are 
cleared or updated. If the Force Interrupt command is 
entered when another command is in progress, the 
Busy status bit is cleared, but the others remain 
unaffected. However, if the Force Interrupt command 
is initiated when there is not another command in pro- 
gress, the other status bits are cleared or updated and 
represent the Type I Command status. Figure4 illustrates 
the meaning of the status bits for each command. 



BIT 



COMMAND 



FORCE INTERRUPT 



I READY TRANSITION 



£? 



■0=No effect 
)rces IN 

'0=No effect 



Forces INTRQ when READY input goes low-to-high 



NOT-READY TRANSITION— 1^.| ^ p^^^gg INTRQ when READY input goes high-to-low 

;ffect 
Forces INTRQ on next INDEX pulse input 

) effect 
Forces INTRQ immediately 



INDEX PULSE-|J=N°^"«^' 



IMMEDIATE-Q?l''°'"^' 



Figure 3. Force Interrupt Command Flags 
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Figure 4A. Status Register Summary 



COMMAND 


STATUS BIT ] 


7 


6 


5 


4 


3 


2 


1 





Ai-L Tvrz I 


Not Heady 


vvMie riOicCl 


rrcau Luautnj 


Seei^ Error 


GRC Error 


1 racK u 


index 


Busy 


READ SECTOR 


Not Ready 





Record Type 


Rec not Found 


CRC Error 


Lost Data 


DRO 


Busy 


WRITE SECTOR 


Not Ready 


Write Protect 


Write Fault 


Rec not Found 


CRC Error 


Lost Data 


DRO 


Busy 


READ ADDRESS 


Not Ready 








Rec not Found 


CRC Error 


Lost Data 


DRQ 


Busy 


READ TRACK 


Not Ready 














Lost Data 


DRQ 


Busy 


WRITE TRACK 


Not Ready 


Write Protect 


Write Fault 








Lost Data 


DRQ 


Busy 



BIT 



S7 



S6 
S5 



S4 
S3 
S2 



S1 

so" 



NAME 



NOT READY 



PROTECTED 



Figure 4B. Status Description for Type I Commands 



HEAD LOADED 



SEEK ERROR 



CRC ERROR 



TRACK 00 



INDEX 



BUSY 



MEANING 



This bit when set indicates the drive is not ready. When reset it indicates that the drive is 
ready. This bit is an inverted copy of the Ready input and logically 'ored' with MR. 



When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT input. 



When set, it indicates the head is loaded and engaged. This bit is a logical "and" of HLD 
and HLT signals. 



When set, the desired track was not verified. This bit is reset to when updated. 



CRC encountered in ID field. 



When set, in dicatesi Read/Write head is positioned to Track 0. This bit is an inverted copy 
of the TROO input. 



When set, indicates index mark detected from drive. This bit is an inverted copy of the 
IP input. 



When set command is in progress. When reset no command is in progress. 



BIT 



S7 



S6 



SS 



S4 

sa" 
si" 
si~ 
so" 



NAME 



Figure 4C. Status Description for Type 11 and III Commands 



NOT READY 



WRITE PROTECT 



RECORD TYPE/ 
WRITE FAULT 



RECORD NOT 
FOUND (RNF) 



CRC ERROR 



LOST DATA 



DATA REQUEST 



BUSY 



MEANING 



This bit when set indicates the drive is not ready. When reset, it indicates that the drive 
is ready. This bit is an inverted copy of the Ready input and 'ored' with MR. The Type II 
and III Commands will not execute unless the drive is ready. 



On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a Write 
Protect. This bit is reset when updated. 



On Read Record: !t indicates the record-typs code from data field address mark. 
1 = Deleted Data Mark. 0=Data Mark. On any WUte: It indicates a Write Fault. This bit is 
reset when updated. 



When set, it indicates that the desired track, sector, or side were not found. This bit is reset 
when updated. 



If S4 is set, an error is found in one or more ID fields; otherwise it indicates error in data 
field. This bit is reset when updated. 



When set, it indicates the computer did not respond to DRQ in one byte time. This bit is 
reset to zero when updated. 



This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read Operation 
or the DR is empty on a Write operation. This bit is reset to zero when updated. 



When set, command is under execution. When reset, no command is under execution. 
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Write Data Timing: 



PARAMETER 


SYMBOL 


MIN. 


TYR 


MAX. 


UNITS 


CONDITIONS 


Write Data Pulse Width 


Twp 


450 


500 


550 


nsec 


FM 






150 


200 


250 


nsec 


MFM 


Write Gate to Write Data 


Twg 




2 

1 




fjsec 
fjsec 


FM 
MFM 


Write data cyle Time 


Tbc 




2, 3, or 4 




/usee 


+ CLK Error 


Early (Late) to Write Data 


Ts 


125 






nsec 


MFM 


Early (Late) From 


Th 


125 






nsec 


MFM 


Write Data 














Write Gate off from WD 


Twf 




2 

1 




fjsec 
fjsec 


FM 
MFM 


WD Valid to Clk 


Twdl 


100 
50 






nsec 
nsec 


CLK = 1 MHZ 
CLK=2MHZ 


WD Valid after Clk 


Twd2 


100 
30 






nsec 
nsec 


CLK=1 MHZ 
CLK=2 MHZ 



These values are doubled when CLK = 1 MHz. 



Write Data Timing 



WRITE GATE __j 
WRITE DATA 



L 






EARLY OR LATE 
(IF ON) 



CLK 

(1MHZ) ■ 



Twdl 



\_ 



W^^M 



CLK 
(2MHZ) 



V-m 125 »--4 125 •4 



mm 



wm^ 



WRITE DATA/ CLOCK RELATIONSHIP 
(DDEN = 0) 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55°C to + 150°C 

Lead Temperature (soldering, 10 sec.) + 325°C 

Positive Voltage on Pin 40, witii respect to ground + 15V 

Positive Voltage on any other Pin, with respect to ground + 8V 






iicvjaii vc vunayc \ji i any i in, vviti i i co^coi luyiuuiru — U.JV 

'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or at any other condition above those indicated in the operational 
sections of this specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes 
or "glitches" on their outputs when the AC power is switched on and off. in addition, voltage transients on the 
AC power line may appear on the DC output. If this possibility exists it is suggested that a clamp circuit be used. 

ELECTRICAL CHARACTERISTICS (T^ = 0°C to 70°C, Vcc = + 5V ± 5%, unless otherwise noted) 

COMMENTS 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


DC CHARACTERISTICS 












Input Voltage Levels 










/ 


Low Level, Vil 








0.8 


V L 


High Level, V,h 




2.0 






V 


Output Voltage Levels 












Low Level Vol 








0.45 


V 


High Level Voh 




2.4 






V 


Output Leakage, Lo 








10 


M 


Input Leakage, Iil 








10 


fj^ 


Output Capacitance 






5 




pf 


Input Capacitance 






10 




pf 


Supply Current 








160 


mA 


AC CHARACTERISTICS 












Processor Read Timing 












Address Setup Time 


tsETR 


50 






ns 


Address Hold Time 


tHLDR 


10 






ns 


RE Pulse Width (Cl=50pF) 


tRE 


400 






ns 


DRQ Reset Time 


toRR 






500 


ns 


INTRO Reset Time 


tiRR 




500* 


3000* 


ns 


Data Delay Time (Cl=50pF) 


toACC 






350 


ns 


Data Hold Time (Cl=50pF) 


toOH 


50 




150 


ns 


Microprocessor Write Timing 












Address Setup Time 


tsETW 


50 






ns 


Address Hold Time 


tHLDW 


10 






ns 


WE Pulse Width 


twE 


350 






ns 


DRO Reset Time 


toRR 






500 


ns 


INTRO Reset Time 


tiRR 




500* 


3000* 


ns 


Data Setup Time 


tos 


250 






ns 


Data Hold Time 


tDH 


70 






ns 


Disk Input Data Timing 












RAWREAD Pulse Width 


tpw 


100* 


200 




ns 


Clock Setup Time 


td 


40 






ns 


Clock Hold Time for MFM 


tcd 


40 






ns 


Clock Hold Time for FM 


tcs 


40 






ns 


RAWREAD Cycle Time 


tbc 


1500 






ns 


RCLK High Pulse Width ^^^^ 


ta 


0.8 
8 


1* 
2* 




^s 

US 


RCLK Low Pulse Width ^^^ 


tb 


0.8 
0.8 


1* 
2* 




fJS 
/JS 


RCLK Cycle Time ^^^ 


tc 




2* 

4* 




MS 
fJS 


Miscellaneous Timing 










CLK Low Pulse Width 


tcDI 


230 


250 


20000 


ns 


CLK High Pulse Width 


tcD2 


200 


250 


20000 


ns 


STEP Pulse Width ^f,^ 

FM 


tsTP 


2* 
4* 






fJS 
fjlS 


DIRC Setup Time 


toiR 




12 




/iS 


MR Pulse Width 


tMR 


50* 






fJS 


IP Pulse Width 


tip 


10* 






fJS 


WF Pulse Width 


twF 


10* 






fJS 


CLK Cycle Time 


tcYC 




0.5* 




/JS 



rhese Values are doubled when CLK = 1 MHz. 



^^J^'M^ 



loL = 1.6 mA 
\oH=^00fJ^ 
0.4^ 3.5V 
0.4^ 3.5V 



Figure 5 
Figure 5 
Figure 5 
Figure 5 
Figure 5 
Figure 5 
Figure 5 

Figure 6 
Figure 6 
Figure 6 
Figure 6 
Figure 6 
Figure 6 
Figure 6 

Figure 7, See Note 

Figure 7 See Note 

Figure 7 

Figure 7 

1800 at 70° C, Figure 7 

Figure 7 

riyUre 7 

Figure 7 
Figure 7 
Figure 7 
Figure 7 

Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 
Figure 8 



472 



Figure 5. 
Microprocessor 
Read Timing 



C5-- 

Ao,A, 



-16^ • (MFM) or 32^ * (FM) - 



-H.,.^_i 



■JL_± i-JC 



I^TsetW ■ Tre-^ 



H t 



1 



Figure 6. 
IVIicroprocessor 
Write Timing 



H "-" h- 



-16^ * (MFM) or 32ais " (FM) 



CS 

Ao,A, 



V 



^ Thld [^ 



[^TS6T»-U-TWE-»| 

{ r ~ 

<T-~) 



H-h 



Figure 7. 
Disk input 
Timing 



H- 



-tc— »| 



Note: Pulse width on RAW READ (Pin 27) is normally 10-300 ns. However, pulse may be any width if pulse is entirely 
within window. If pulse occurs in both windows, then pulse width must be less than 300 ns for lUIFM at CLK = 2 MHz and 
600 ns for FM at 2 MHz. Times double for 1 MHz. 



Figure 8. 

iVIisceilaneous 

Timing 



H 



DiRC 1 STEP IN 



1 n 



n 
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DISK FORMATS 



Disks may be formatted in IBI\/1 3740 or System 34 

formats with sector lengths of 128, 256, 512, or 

1024 byres. 

IBM 3740 Format 

This single-density (FM) format utilizes 128 bytes/ 

sector. The bytes to be generated by the system 

MPU for use in the execution of the Write Track 

command are shown in Figure 9. 

IBM System 34 Fomfiat 

This double-density (MFM) format utilizes 256 
bytes/sector. The bytes to be generated by the 
system MPU for use in the execution of the Write 
Track command are shown in Figure 10. 
Non-IBM Fomiats 

Unique (non-IBM) formaits are permissible provid- 
ing the following restrictions are understood. 

• Sector length may only be 128, 256, 512, or 
1024 bytes. 

• Gap sizes must conform to Figure 11. 



ONE 
SECTOR - 





ONE 
SECTOR - 

© 



Figure 9. 
Byte Sequence 
for IBM 3740 
Formatting 



DATA 
BYTE 


NO. OF 
BYTES 


COMMENTS 


(hex) 






FF 


40" 


- 


_Gap5 
"(Post Index) 


00 


ej 






FC 


1 


Index AM 


FF 


26 










~ 


-Gap 1 


00 


6 






FE 




ID AM 


XX 




Track Number 
(00-4C) 


OX 




Side Number 
(00 or 01) 


XX 




Sector Number 
(01-1A) 


00 




Sector Length 
(128 bytes) 


F7 




Causes 2-Byte 
CRC to be 
Written 


FF 
00 


6_ 


•Gap 2 (ID Gap) 


FB 




Data AM 


E5 


128 


Data Field 


F7 




Causes 2-Byte 
CRC to be 
Written 


FF 


27 


Part of Gap 3 




247® 


(Data Gap) 


FF 


Gap 4 






(Pre Index) 



1, THIS PATTERN MUST BE 
WRITTEN 26 TIMES PER TRACK. 

2. CONTINUE WRITING HEX FF 
UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRO INTERRUPT 



Figure ia 
Byte Sequence 
for IBM System-34 
Formatting 



DATA 




BYTE 


BYTES COMMENTS 


4E 


80" 


- 


_Gap5 
(Post Index) 


00 


12 






F6 


3 


Writes C2 


FC 


1 


Index AM 


4E 


50 














F5 


3 


Writes A1 


FE 


^ 


ID AM 


XX 




Track Number 
(00-4C) 


OX 




Side Numljer 
(00 or 01) 


XX 




Sector Number 
(01-1A) 


01 




Sector Length 
(256 Bytes) 


F7 




Causes 2-Byte 
CRC to be 
Written 


4E 
00 


22-- 
I2J 


-Gap 2 (ID Gap) 


F5 


3 


Writes A1 


FB 


1 


Data AM 


40 


256 


Data Field 


F7 


1 


Causes 2-Byte 
CRC to be 
Written 


4E 


54 


Part of Gap 3 




598® 


(Data Gap) 


4E 


Gap 4 






(Pre Index) 



NOTES: 1 THIS PATTERN MUST BE 
WRITTEN 26 TIMES PER 
TRACK, 
2 CONTINUE WRITING HEX 
4E UNTIL FDC COMPLETES 
SEQUENCE AND GENERATES 
INTRO INTERRUPT 



GAP 


SINGLE 

DENSITY 

(FM) 


DOUBLE 

DENSITY 

(MFM) 


NOTE 


Gap 1 


16 bytes FF 


16 bytes 4E 


2 


Gap 2 


1 1 bytes FF 
6 bytes 00 


22 bytes 4F 
12 bytes 00 
3 bytes A1 


1 


Gap 3 


10 bytes FF 
4 bytes 00 


16 bytes 4E 
8 bytes 00 
3 bytes A1 


2 


Gap 4 


16 bytes FF 


16 bytes 4E 


2 



NOTES: 1. THESE BYTES COUNTS ARE EXACT 

2, THESE BYTES COUNTS ARE MINIMUM 
EXCEPT FOR 3 BYTES A1, WHICH IS EXACT 



Figure 11. Gap Size Limitations 



STANDARD MICROSYSTEMS 
CORPORATION^ 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 



HDC 1100-01 

PRELIMINARY 



Hard Disk Serial to Parallel Converter 



FEATURES 

D Single + 5 Volt Power Supply 

D Double Buffered 

D Byte Strobe Outputs 

D 5 MBit Shift Rate 

D Serial Input/Parallel Out 

D 20 Pin DIP 

n n-Channel COPLAMOS®Silicon Gate Technology 



PIN CONFIGURATION 









CLK 1 : 

' NC 2 C 
6CLR 3 C 

Test 4 1: 
DOO 5 : 
D01 6 : 

D02 7 C 
DOS 8 C 
D04 9 C 
Vss 10 C 




] 20 Vcc 
] 19 EN 
] 18 NRZ 

] 17 gr 

: 16 DOUT 
: 15 BDONE 


1 14 SHFCLK 
] 13 D07 
: 12 D06 
] 11 DOS 









GENERAL DESCRIPTION 

The HDC 1 100-01 converts NRZ data from a Winchester The HDC 1 100-01 contains two sets of 8 bit registers. This 

disk drive into eight bit parallel form. Additional inputs are allows one register to be read (in parallel) while serial data 

provided to initiate the conversion process, as well as out- is being shifted into the other, 
put strobes to indicate the completion. 




ST ■- 



TEST 



ij 



NRZ ■- 



CLK •- 



+ 5V 



S 

8 Q 
Bit 
Counter 



rCcp 



D Q 
>LATCH 

R 

U 



8 Bit 
Shift Register 



1— cp 



8 Bit Register 



" t 



II ^ n 

DOO D01 D02 D03 D04 DOS DOS D07 



i^ 



-^ BDONE 

»• ■ * EN 






BCLR 

DOUT 
SHFCLK 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NUMBER 


SYMBOL 


NAME 


FUNCTION 


1 


CLK 


CLOCK 


NRZ data is entered into the 8-bit shift register on the 
low-to-high transition of clock. 


2 
3 


NC 


NO CONNECTION 


No connection. This Din is to be left ooen bv the user. 


BCLR 


BYTE CLEAR 


When this line is at a logic 0, the BDONE (pin 15) line is 
held reset. 


4 


TEST 


TEST INPUT 


This pin must be left open by the user. 


5-9,11-13 


D00-D07 


DATA0-DATA7 


8 bit parallel data outputs. 


10 


Vss 


GROUND 


Ground. 


14 


SHFGLK 


SHIFT CLOCK 


Inverted copy of CLOCK (pin 1 ) which is active when 
EN (pin 19) is at a logic 1. 


15 


BDONE 


BYTE DONE 


This signal is forced to a logic 1 signifying 8 bits of data 
have been assembled. BDONE remains in a logic 1 
state until reset by a logic on the BCLR (pin 3) line. 


16 


DOUT 


DATA OUT 


Serial Data Output from the 8th stage of the internal 
shift register. DOUT is in a high impedance state 
whenever EN (pin 19) is at a logic 0. 


17 


ST 


START 


This line enables the byte counter and is used for 
synchronization. It must be held to a logic 1 prior to first 
data bit on the NRZ (Pin 18) line. 


18 


NRZ 


NRZ DATA 


NRZ serial data is entered on this pin and clocked by 
the low to high transition of CLK (pin 1). 


19 


EN 


ENABLE 


When this signal is at a logic 0, DOUT SHFCLK, and 
BDONE outputs are in a high impedance state. 


20 


Vcc 


Vcc 


+ 5V power supply input. 



OPERATION 

Prior to shifting data through the device, the HDC 11 00-01 
must be synchronized to the data stream. The ST line (Pin 
17 high) is used to hold the internal bit counter in a cleared 
statejjntil valid data (NRZ) and clocks (CLK) are entered. 
The ST line is a synchronous input and therefore requires 
onjefull cycle of the CLK line (Pin 1 ) to occur in order to accept 
a ST condition. After this happens, the device is ready to 
perform serial to parallel conversions. 

Data is entered on the NRZ line and clocked into the 8-^ 
shift register on the low-to-high transition of CLK. The ST 
line must be set low during the low time of CLK. Data is 
accepted on low-to-high transition of the clock while the high- 
to-low transition of CLK increments the bit counter. After 8 
data bits have been entered the final high-to-low transition 
of CLK sets an internal latch tied to the BDONE line (Pin 
1 5). At the same time, the contents of the shift register are 
parallel loaded into an 8 bit register making the parallel data 
available on the D00- D07 ou tputs. BDONE will remain in a 
latched state until t he BC LR is set to a logic 0, clearing off 
the BDONE signal. BCLR is a level triggered input and must 
be set back to a log ic 1 be fore the next 8 bits are shifted 

thrni inh thci raniciar OPl D hoe nn offo^t /->« tho epciol olilft- 

ing process. When the next 8 bits are received, BDONE will 
again be set and the operation continues. 



When interfacing to a microprocessor, BDONE is used to 
indicate a parallel byte is ready to be read. As th e proce ssor 
reads the data out of the D00-D07 lines, the BCLR line 
should be strobed to clear off BDONE in anticipation of the 
next assembled byte. An address decode signal generated 
at the host may be used for this purpose. During a power- 
up condition, the state of BDONE is indeterminant. It is rec- 
ommended that BCLR be strobed low after power-up to 
insure that BDONE is cleared. 

The serial output line from the last stage of the shift register 
is available on th e DOUT p in. An inverted copy of CLK is 
available on the SHFCLK pin. Both DOUT (Pin 16) and 
SHFCLK (Pin 14) can be used to drive another shift register 
external to the device. 



The three signals BDONE, DOUT, and SHFCLK can be 
placed in a high impedance state by setting EN (Pin 19) to 
a logic 0. Likewise, EN must be at a logic 1 in order for these 
signals to be active. 

The TEST pin is internally OR'ed with t he ST line to inhibit 
the bit counter. It is recommended that TEST be left open 
by the user. An internal pull-up resistor is tied to this pin to 
satisfy the appropriate logic level required internally for 
proper device operation. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 50°C 

Storage Temperature Range - 55° to + 150°C 

Lead Temperature (soldering, 10 sec.) 

Positive Voltage on any I/O Pin, with respect to ground 

Negative Voltage on any I/O Pin, with respect to ground 

Power Dissipation 

'Stresses above those listed may cause permanent damage to the device. This is a stress 
device at these or at any other condition above those indicated in the operational sections of thisT^; 




DC ELECTRICAL CHARACTERISTICS: T, = 


0°Cto50°C;Vcc = 


+ 5V± 10% 


,Vss = OV 




— <:;«f| 


SYMBOL 


PARAMETER 


MIN 


TYP^ 


MAX 


UNIT 


CONDITION 


v„ 


Input Low Voltage 




-0.2 




0.8 


V 




V,H 


Input High Voltage 




2.4 






V 




Vo 


Output Low Voltage 








0.4 


V 


loL = 3.2 mA 


VoH 1 Output High Voltage 




2.4 






V 


loH = - 200)xA 


Vcc Supply Voltage 




4.5 


5.0 


5.5 


V 




Ice Supply Current 








100 


mA 


All Outputs Open 



AC ELECTRICAL CHARACTERISTICS: T, = 0°C to 50°C; Vcc = 


5V ± 10%, Vss = OV 






SYMBOL 


PARAMETER 


MIN 


TYPi 


MAX 


UNIT 


CONDITION 


tcL 


CLK FREQUENCY 







5.25 


MHZ 




tLS 


iCLKtoST 









nsec 


ST = 1 (min 200nsec) 


tHS 


'CLK to ST 









nsec 


ST = 1 (min 200nsec) 


tos 


Data set-up to ' CLK 


15 






nsec 




tvB 


BDONE valid from* CLK 


65 




110 


nsec 


EN = 1 


tRS 


BDONE reset from BCLR 






110 


nsec 


EN = 1 




BGLR Pulse Width 


50 






nsec 


EN = 1 


tsc 


'CLKtoiSHFCLK 






90 


nsec 


EN = 1 


tcs 


iCLKtoTSHFCLK 






100 
55 


nsec 
nsec 


EN = 1 


tsD 


Data delay from T SHFCLK 


EN = 1 


tpo 


Enable to DOUT ACTIVE 






90 


nsec 




^DH 


Data Hold w.r.t.? CLK 


25 






nsec 





NOTES: 1 . Typical Values are for T^ = 25°C and Vcc = + 5.0V 



CLK 

sT 

NRZ 
DOX 

BDONE 



BCLR 



SHFCLK 



rLJn-JlJ"LJTJ"lTlJXJlJTJl-JUlJn 
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STANDARD MICROSYSTEMS 
CORPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 



HDC 1100-12 

PRELIMINARY 



Hard Disk Improved MFM Generator 



FEATURES 



PIN CONFIGURATION 



D Single + 5 Volt Power Supply 








□ Write Precompensation 

D Address Mark Generation 

D 5 Mbit Data Rate 

D Converts NRZ to MFM 

D 20 Pin DIP 

D n-Channel COPLAMOS® Silicon Gate Technology 


NRZ 1 [ 

SKPEN 2 [ 

WCLK 3 [ 

WCLK 4 : 

RWC 5 [ 
CS 6 C 




] 20 Vcc 
: 19 AO 

: 18 A1 

3 17 MR 
3 16 MFM 






i 15 INTRQ 




DRQCLK 7 C 


U 14 DRQ 




INTCLK 8 L 

2XDR 9 C 

Vss 10 C 




□ 13 EARLY 
: 12 LATE 
p 11 NOM 











GENERAL DESCRIPTION 



The HDC 1100-12 "improved" MFM Generator converts 
serial NRZ data into an MFM (Modified Frequency Modu- 
lated) data stream. The MFM signal may be used to record 
information on a Winchester Disk. 
In addition, the HDC 1 100-1 2 generates Write Precompen- 



sation signals required to compensate for bit shift effects 
on the recording medium. 

The HDC 1 100-12 has the ability to delete clock pulses in 
the outgoing data stream in order to record Address Marks. 




RWC ■- 



NRZ 



WCLK ■- 



WCLK •- 



SKPEN 



4 BIT 

SHIFT 

REG. 



2XDR 



X 



WRITE 

PRECOMP 

GEN. 



MFM GEN 



EARLY 
-^NOM 
-^LATE 



MFM 



"SKIP- 
LOGIC 



MFM GENERATOR 



DRQCLK ■- 



INTCLK 



AO 
A1 
CS 



DECODE 
LOGIC 



MR ■>- 



D S q|> 

■CP 
R 



D Q|> 
tO|-CP 
R 



INTERRUPT CONTROLLER 



-^DRQ 



INTRQ 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NUMBER 


SYMBOL 


NAME 


FUNCTION 


1 


NRZ 


NON-RETURN-TO 
ZERO 


NRZ data input that Is strobed into the MFM generator 
by WCLK (i). 


2 1 SKPEN 


SKIP ENABLE 


This Input arms the SKIP logic for recording Address 
Marks when set to a logic 1 . 


3 WCLK 


WRITE CLOCK 


Complimentary clock inputs. NRZ data is clocked into 
the MFM Generator on the high-to-low transition of 
WCLK (pin 3). 


4 WCLK 


WRITE CLOCK 


5 RWC 


REDUCED WRITE 
CURRENT 


This signal when high, enables EARLY, LATE and 
NOM outputs. 


y 


2xDR 


2 TIMES DATA RATE 


This input is used to iatch EARLY, LATE, NOM and 
MFM outputs. 


10 


Vss 


Vs. 


Ground. 


11 


NOM 


NOMINAL 


Output signal from the Write Precompensation Logic 
used to signify that data is to be written nominal. 


12 


LATE 


LATE 


Output signal from the Write Precompensation Logic 
used to signify that data is to be shifted LATE before 
writing. 


13 


EARLY 


EARLY 


Output signal from the Write Precompensation Logic 
used to signify that data is to be shifted EARLY before 
writing. 


16 


MFM 


MFM DATA 


This output contains the MFM encoded data derived 
from the NRZ (pint) line. i 


6 


CS 


CHIP SELECT 


Low input signal used to enable the Address decode 
logic. 


8 


INTCLK 


INTERRUPT 
REQUEST CLOCK 


A high-to-low transition on this line will iatch the INTRQ 
(pin 15) at a logic 0. 


7 


DRQCLK 


DATA REQUEST 
CLOCK 


A high-to-low transition on this line will latch the DRQ 
(pin 14) at a logic 0. 


15 


INTRQ 


INTERRUPT 
REQUEST 


This output is latched at a logic when INTCLK (pin 8) 
makes a high-to-low transition while the decode logic is 
disabled. 


14 


DRQ 


DATA REQUEST 


This output is latched at a logic when DRQCLK (pin 

7) makes a high-to-iow transition while the decode I 

logic is disabled. | 


17 


MR 


MASTER RESET 


A low level on this line causes DRQ and INTRQ to set < 
at a logic 1 . 


18,19 


Ac, A, 


ADDRESS 1,0 


When CS is low and the address lines are high, INTRQ 
is cleared ; if the address lines are low then DRQ gets 
cleared, (i.e. set at a logic 1). 


20 


Vcc 


Vcc 


+ 5V power supply input. 





OPERATION 

The HOC 1 100-12 is divided into two sections: MFM Gen- 
erator and Interrupt Logic. The MFM Generator converts 
NRZ data into MFM data and provides Write Precompen- 
sation signals. The Interrupt Logic may be used to generate 
Interrupt signals. The two sections of the device are iso- 
lated and have no common input or output signals. 

Prior to entering data, the SKPEN line must be set to a logic 
to enable only clocks in the data stream. Data is entered 
on the NRZ line and strobed on the high-to-low transition of 
WCLK. The encoded NRZ data appears on the MFM (pin 
16) output lagging by one clock cycle. 

Write Precompensation signals EARLY, LATE, and NOM are 
generated as each data or clock pulse becomes available 
at the input when RWC is logic 1 . 

The SKPEN signal is used to record a unique data/clock 
pattern as an Address Mark, using A1 data with OA clock. 
This pattern is used for synchronization prior to data or ID 
fields that are read from the disk. 

When the SKPEN signal is set to a logic 1 , the internal skip 



logic is enabled. As long as zeroes are being shifted into 
the NRZ line, the device generates normal MFM data. On 
receipt of the first non-zero bit (typically the MSB of the A1 
16) the skip logic begins to count WCLK cycles. When the 
MFM generator tries to produce a clock between data bits 
2 and 3, the skip logic disables the MFM generator during 
that time. The result for A1 ,6 data is a clock pattern of 0A,6 
instead of OE^g. Although other data patterns may be used, 



MR 


A, 


A„ 


CS 


DRQ 


INTRQ 





X 


X 


X 


H 


H 




X 


X 


1 


Qn 


Qn 













H 


On 




1 1 





Qn 


H 




1 1 





Qn 


Qn 







1 





Qn 


Qn 



X = Don't care Q^, = remains at previous state 

INTERRUPT REQUEST LOGIC TABLE 
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the MSB of the pattern must be a 1 (8O16 or higher) in order 
to enable the skip logic at the proper time. After the skip 
logic has performed, it then disables itself and MFIVI data is 
recorded normally starting with the succeeding byte. To re- 
enable the skip logic again, the SKPEN line must be strobed. 



The Interrupt Logic is used to clear Data Requests (DRQ) 



and Interrupt Requests (INTRQ) by selecting CS (pin 6) in 
combination with A O and A 1 . The MR (Master Reset) signal 
is us ed to cle ar both DRQ and INTRQ simultaneously DRQ 
and INTR Q c an be se t to a logic only by a low level or 
DRQCLK and INTCLK respectively The signal will remain 
at a logic_0 until cleared by a MR or proper address selec- 
tion via CS, A1 and AO. 



LAST DATA SENT 


SENDING 


TO BE SENT 
NEXT 


EARLY 


LATE 


NOM 


X 1 


1 





H 


L 


L 


X 


1 


1 


L 


H 


L 








1 


H 


L 


L 


1 








L 


H 


L 


ANY OTHER PATTERN 




L 


L 


H 


WRITE PRECOMPENSATION LOGIC TABLE 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec.) 

Positive Voltage on any I/O Pin, with respect to ground . . 
Negative Voltage on any I/O Pin, with respect to ground 
Power Dissipation 



'Stresses above those listed may cause permanent damage to the device. This is a stress rating only and tuT 
device at these or at any other condition above those indicated in the operational sections of this specification is 

DC ELECTRICAL CHARACTERISTICS: T^, = 0°C to 50°C; Vcc = +5V ± 10%; Vgs = OV 




0°Cto +50°C 

-55Mo +150°C 

+ 300°C 

-^7.0V 

0.2V 

1.0 watt 



SYMBOL 


PARAMETER 


MIN 


TYP' 


MAX 


UNIT 


CONDITIOl^- 


v„ 


Input Low Voltage 


-0.2 




0.8 


V 




Vh 


Input High Voltage 


2.4 






V 




Vo. 


Output Low Voltage 






0.4 


V 


loL = 3.2 mA 


VoH 


dutput High Voltage 


2.4 






V 


Ioh=-200|jlA 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




Ice 


Supply Current 






100 


mA 


All Outputs Open 



AC ELECTRICAL CHARACTERISTICS: T^ = 0°C to 50°G; Vcc = 


+ 5V ± 10% 


; Vss = ov 






SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


CONDITION 


tpR 


WCLK FREQUENCY 






5.25 


MHZ 




tos 


Data Setup w.r.t. i WCLK 


10 






nsec 




toH 


Data hold w.r.t.i WCLK 


25 






nsec 




tMF 


T WCLK to TMFM delay 






210 


nsec 


Pin 1 LOW 


t™ 


1 WCLK to iMFM delay 






230 


nsec 


Pin 1 LOW 


^WN 


Data delay to NOM from 
iWCLK 






240 


nsec 




IwE 


Data delay to EARLY from 
iWCLK 






230 


nsec 




^WL 


Data delay to LATE from 
iWCLK 






230 


nsec 






Master reset pulse width 


50 






nsec 




^MD 


i MR to T DRQ 






150 


nsec 




tM, 


iMR to T INTRQ 






150 


nsec 




too 


DRQCLK pulse width 


50 






nsec 




t,Q 


INTCLK pulse width 


50 






nsec 




too 

t„ 


i DRQCLK to DRQ 
1 INTCLK to INTRQ 






120 
120 


nsec 
nsec 




tAD 


i AX to ^ DRQ 






145 


nsec 




t*, 


"AXtoT INTRQ 






160 


nsec 




tcD 


i CS to ' DRQ 






145 


nsec 




tc, 


iCS to T INTRQ 






180 


nsec 




tRN 


TRWCtoiNOM 






145 


nsec 




txE 


i2XDR to? EARLY 






75 


nsec 




t™ 


i 2XDR to ' NOM 






75 


nsec 




tlL 


i 2XDR to * LATE 






75 


nsec 





Notes: 1. Typical Values are forT* = 25°C and Vcc = +5.0V. 
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WCLK 



JlJTrLJ~LJ7LJ"lJlJ7XLnJT^ 



NRZ —>■ 

MFM "*l!*!i "" 00- 




2XDR JcLJcLfcLTV^L-^i^l ^LLJcLJ-^j3i_R-n 

JiJinjiJiJirLjinjmjif^^ 



EARLY 
NOM 



LATE 
RWC 



J_|cl 



U 



I I 
-J 1- 



J 1 



1 

jiL 




JFL_ 



MFM GENERATOR TIMING 



i^ 



MR 
DRQ 

INTRQ ' I 



CSorAX 

tnn or Lr 



DRQ^iH^te, 



INTRQ 
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STANDARD MICROSYSTEMS 
CORPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given The 
information has been carefully checked and is believed to be entirely reliable. Howrever, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 



HDC 1100-03 

PRELIMINARY 



Hard Disk Address Mark Detector 



FEATURES 

D Single + 5 Volt Power Supply 

D Decodes A1 -OA 

D Synchronous Clock/Data Outputs 

D 5 MBit Data Rate 

D Address Mark Detection 

D 20 Pin DIP 

D n-Channel COPLAMOS® Silicon Gate Technology 



PIN CONFIGURATION 









RCLK 1 C 

DIN 2 C 

RCLK 3 C 




1 20 Vcc 
b 19 RST 

2 18 CP " 
] 17 NC 

] 16 AMDET 


CLKIN 4 C 


DOUT 5 C 
NC 6 C 
NC 7 C 


] 15 AMDET 


P 14 QOUT 
: 13 NC 
] 12 DCLK 


TEST1 8 U 

ENDET 9 C 

VsslO C 


p 11 TEST2 









GENERAL DESCRIPTION 



The HDC 1 100-03 Address Mark Detector Provides an effi- 
cient means of detecting Address Mark Fields in an MFM 
(NRZ) data stream. MFM clocks and data are fed to the 
device along with a window clock generated by an external 
data separator. The HDC 1 100-03 searches the data stream 



for a DATA = A1 , CLK = OA pattern and produces and AM 
DET signal when the pattern has been found. NRZ data is 
output from the device for driving a serial/parallel converter. 
An uncommitted latch is also provided for use by the data 
separator circuitry if required. 



CP 
RST 



DIN 
RCLK 



ENDET ■- 



CLK IN ■- 



RCLK ■- 



+ 5V- 



4— CC 



> Q 



8 BIT 
SHIFT REG 



<i—C 



DETECT A1 
DETECT OA 



■*► QOUT 



■*► DOUT 



8 BIT 
SHIFT REG 



-^ TEST1 
— ^ DCLK 
— *- AMDET 



■*► AMDET 



TEST 2 



483 



DESCRIPTION OF PIN FUNCTIONS 



PIN NUMBER 


SYMBOL 


NAME 


FUNCTION 


1 


RCLK 


READ CLOCK 


Complimentary clock inputs used to clock DIN and 


3 


RCLK 


READ CLOCK 


CLK IN into the AM detector. 


n 


niM 


riATA IMDI IT 


1*11 l«l MMkM f^Miwww livill H IW W/\hWIIIMI k^VIkU ^.fX^pUl UbWI Wl W 

connected on this line. 


4 


CLK IN CLOCK INPUT 


MFM clock pulses from the external Data Separator 
are connected on this line. 


5 


DOUT 


DATA OUTPUT 


Data Output from the internal Data Shift register, 
synchronized with DCLK. 


6,7,13,17 


NC 


No Connection 


To be left open by the user. 


8 

11 


TEST1 
TEST 2 


TEST1 
TEST 2 


To be left open by the user. 


9 


ENDET 


ENABLE 
DETECTION 


A logic 1 on this line enables the detection logic to 
search for a data A1 ,6 and clock. 


10 


Vss 


Vss 


GROUND. 


12 


DCLK 


DATA CLOCK 


Clock output that is synchronized with DATA OUT (Pin 
5). 


14 


QOUT 


LATCH OUTPUT 


Signal output from the uncommitted latch. 


15 


AMDET 


ADDRESS MARK 
DETECT 


Complimentary Address Mark Detector output. These 
signals will go active when a Data = A1,6 Clock = 0A,6 
pattern is detected in the data stream. 


16 


AMDET 


ADDRESS MARK 
DETECT 


18 


CP 


CLOCK PULSE 


A low-to-hiQh transition on this line will cause the 
QOUT (Pin 14) to be latched at a logic 0. 


19 


RST 


RESET 


A logic on this line will cause the QOUT (Pin 1 4) 
signal to be set at a logic 1 . 


20 


Vcc 


Vcc 


+ 5V power supply input. 





OPERATION 

Prior to shifting data through the device, the internal logic 
must be initialized. While the ENDET (Pin 9) line is at a logic 
0, shifting of data will be inhibited and AMDET, AMDET, 
DCLK, and DATA OUT will remain inactive. 

When ENDET is at a logic 1, shifting is enabled. NRZ data 
is entered on the DIN line (Pin 2) and shifted on the high- 
to-low transitio n of RCLK (Pin 1). NRZ clocks are entered 
on the CLK IN line, an d shifte d on the high-to-low transition 
of RCLK (Pin 3). The D(5UT line (Pin 5) is tied to the last 
stage of the Internal Data Shift register and will reflect infor- 
mation clocked into the DIN line delayed by 8 bits. 
While each bit is being shifted, a 16 bit comparator is con- 
tinuously checking the parallel contents of the shift regis- 
ters for the DATA = AI^^CL K = OAis pattern. When this 
pattern is detected, AMDET wil l be set to a logic and 
AMDET will be set to a logic 1. AMDET and AMDET will 
remain latched until the device is re-initialized by forcing 



ENDET to a logic 0. 

When an AM is detected, DCLK will begin to toggle. Data 
present on the DOUT line may then be clocked into an 
external serial/parallel converter. DCLK will remain inactive 
when ENDET is held at a logic 0. 

An uncommitted edge-triggered flip/flop has been provided 
to facilitate the detection of high-frequency by the data sep- 
arator, but may be used for any p urpose . The low-to-high 
tr ansition of CP (Pin 1 8) will set the QOUT (Pin 1 4) to a logic 
0, QOUT may be reset back to a logic 1 by a low level on 
theRSTIine(Pin19). 



TEST1 and TEST2 are output lines. TEST1 is an active low 
pulse when an A1 ,6 is detected, and TEST2 is an active low 
pulse when a OAie is detected. These signals are used for 
test points and therefore should be left open by the user if 
not required. 



484 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 50°C 

Storage Temperature Range - 55° to + 150°C 

Lead Temperature (soldering, 10 sec.) + 300°C 

Positive Voltage on any I/O Pin, with respect to ground + 7.0V 

Negative Voltage on any I/O Pin, with respect to ground /*^-'~-<^' ~ ^'^^ 

Power Dissipation /^Tfrfe"""^'' 0.75W 

"Stresses above those listed may cause permanent damage to the device. This is a stress rat/ ■_ Ai.r^i.#*^!>^ration of the 

device at these or at any other condition above those indicated in the operational sections of iS 

DC ELECTRICAL CHAR ACTERISTiCS:TA = 0°Cto50°C; Voc = +5V ± 10%, Vss = OV 



SYMBOL 



PARAMETER 



MIN 



TYP 



MAX 




Input Low Voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 
Supply Voltage 
Supply Current 



-0.2 
2.4 



2.4 
4.5 



5.0 



0.7 
0.4 



5.5 
100 



loL = 3.2 mA 
loH= -200|xA 

All Outputs Open 



AC ELECTRICAL CHARACTERISTICS: T, = 0°C to 50°C; Vcc = 


+ 5V± 10%,Vss = 0V 






SYMBOL 


PARAMETER 


MIN 


TYP^ 


MAX 


UNIT 


CONDITION 


tRC 


RCLK Frequency 






5.25 


MHZ 




tsT 


Data Setup time 


40 






nsec 




Iht 


Data Hold time 


10 






nsec 






DOUT to DCLK DELAY 






110 


nsec 






iRCLKtoTDCLK 






120 


nsec 




Ira 


iRCLKtoTAMDET 






115 


nsec 






IRCLKtoiAMDET 






125 


nsec 




tRO 


i RCLK to DOUT 






135 


nsec 




tEA 


iENDETtoiAf\/IDET 






130 


nsec 




*RQ 


iRSTto^QOUT 






110 


nsec 






Pulse width of RST 


50 






nsec 






CP Pulse width 


90 






nsec 




tcQ 


TCPtoiOOUT 






106 


nsec 






ENDET 



RCLK 
DIN 

RCLK 

CLKiN 

TEST1 
TEST 2 

AMDET 

AMDET 
DOUT 

DCLK 



_r 



jij-LjiJijxrLn_riJTJi_riJTn_riJTJiJ~Lri_ 

tST_^ U- I'hT ' ''' ' ' 

OOP |^J1 



tRC I 



iiri_r 



tRD 



n^riJiJTJTJ"xriJ~LJXixnJ"^^ 



(AIDET) 



(OADET) 




irLrLrun 
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STANDARD MICROSYSTEMS 
CORPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. Howrever, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
gjRPORATION^ 



HDC 1100-04 

PRELIMINARY 



Hard Disk CRC Checker/Generator 



FEATURES 

D Single + 5 Volt Power Supply 

D Generates/Checks CRC 

D Latched Error Outputs 

nCCITT-16CRC 

D Automatic Preset 

D 20 Pin DIP 

D n-Channel COPLAMOS®Silicon Gate Technology 



PIN CONFIGURATION 









DIN 1 C 




3 20 Vcc 
3 19 NC 
3 18 NC 
3 17 NC 


DOCK 2 [ 


SHFCLK 3 C 

NC 4 : 

NC 5 C 

CWE 6 d 

DOCE 7 C 


3 16 CRCOK 
: 15 TIMCLK 
: 14 WCLK 
: 13 CRCOK 
] 12 SKPCLK 
p 11 DOUT 


CRCIZ 8 L 
NC 9 C 
VsslO C 









GENERAL DESCRIPTION 

The HDC 1 100-04 CRC Checker/Generator generates a stream. In addition to the transmitted CRC output, compli- 
Cyclic Redundancy Checkword from a serial data stream, mentary latched "CRCOK" outputs are provided to indicate 
and checks for the proper CRC in a received serial data CRC errors in the check mode. 



CRCIZ 



DIN » — <► 



SHFCLK *- 



DOCE 
DOCK 



WCLK 



D S 



■OC Q 



SKPCLK 



D POLYNOMIAL GEN 

_ x'« + x^^ + x^ + 1 
C 



D Q 
C 




DOUT 



■*- CWE 



CRCOK 
CRCOK 



^ 16 



TIMCLK 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NUMBER 


SYMBOL NAME 


FUNCTION 


1 


DIN DATA INPUT 


Active low serial input data stream is used to generate/ 
check the 2 byte CRC word. 


2 


DOCK DATAORCRC 


After a byte of data has been transferred, in, this input 
biynai lb ubbu io iaicri the siaie of uOCc in an internai 
D flop with a high to low transition. 


3 ; SHFCLK ; SHIFT CLOCK 


The falling edge shifts data bits into the CRC 
qenerator/checker. It also transfers the CRC check 




word to DOUT in the write mode (DOCE = LOW). The 
rising edge also activates the CRCOK lines in the read 
mode when no error is found. 


4,5 


N.C. 


NO CONNECTION 




6 


OWE 


CHECK WORD 
ENABLE 


This active low output indicates that the CRC 
checkword is being output on the DOUT line. When 
CWE is high, data is being output on DOUT. 


7 


DOCE 


DATAORCRC 
ENABLE 


Initially, this input line is held high to direct input data 
(pin 1 ) to the output data (pin 11). After the next to the 
last BYTE is transmitted but before the last BYTE 
occurs DOCE must be low to direct the 2 CRC check 
bytes to DOUT (pin 11). 

DOCE must be maintained low for a minimum of 2 byte 
times. DOCE is used only in the write mode. 


8 


CRCIZ 


CYCLIC 
REDUNDANCY 
CHECK INITIALIZE 


When this line is at a logic 0, the SKPCLK output line is 
held high and the CRC generator is held preset to hex 
"FFFF." 


9 N.C. 


NO CONNECTION 


NO CONNECTION 


10 : Vss 


GROUND 


GROUND. 


11 i DOUT 


DATA OUTPUT 


In the write mode, this line outputs the unmodified data 
stream along with the 2 byte CRC word appended to i 
the end of the stream. 


12 1 SKPCLK 


SKIP CLOCK 


The first high-to-low transition on DIN (pin 1) resets 
SKPCLK low and enables the CRC to either generate i 
or check the CRC word. 


13 i CRCOK 


CYCLIC 
REDUNDANCY 
CHECK OKAY 


In the read mode, after the 2 byte CRC word is entered 
on DIN and no error has been detected, this line is set 
high to indicate no errors have occurred. This line will 
then remain high as long as DIN is maintained high. 


14 


WCLK 


WRITE CLOCK 


This input clock is divided by 16 to produce TIMCLK 
(pin 15) and has no effect on the rest of the internal 
circuitry 


15 


TIMCLK 


TIMING CLOCK 


See above. 


16 


CRCOK 


CYCLIC 
REDUNDANCY 
CHECK OKAY 


Complementary output version of CRCOK (pin 13). 


17-19 


N.C. 


NO CONNECTION 




20 


Vcc 


Vcc 


-1- 5V power supply input. 



OPERATION 

Prior to shifting data thru the device (either in the read or 



ciiui/ui lourxci fo II iiiiait^c;u 



Strobing the CRCIZ (pin 8) low. This forces the SKPCLK (pin 
12) line to the high state. The first low going transition on 
DIN (pin 1), namely the most significant bit of an address 
mark, resets the SKPCLK line. The HDC 110-04 has now 
been properly initialized and is ready to generate/check the 
CRC bytes. The CRCOK and CRCOK lines should be set 
to their inactive states. 

In the write mode, initially the DOCE (pin 7) is held high and 
a pseudo DOCK is produced by supplying a string of zeros 
before the address mark. This ensures the proper state of 
the inte rnal D flip flip to gate input data to the outp ut line 
DOUT (pin 11). As shown in the block diagram the CWE 



(pin 6) will be set high. Sometime between the next to the 



,^ tu^ !«»»♦ r>,r\r^iy tu.- 



,^ «( *U« ^nin 



laoi ai lu II ic laoi lj'^\ji\ iiiai iiiuioaico u ic ci lu ui ii ic uaici 

Stream, DOCE (pin 7) is lowered to ensure the smooth tran- 
sition of the 2 byte CRC checkword to the output line DOUT 
(pin 11). 

DOCE must be maintained low for a minimu m of 2 byte 
times. After the CRC word is generated, DOUT will produce 
a string of zeros (i.e., held high). This portion of the circuitry 
is dormant in the read mode. 

After proper initialization, input data is entered on DIN (pin 
1 ) along with the 2 byte CRC word for the read mode of 
operation. At the end of the data stream, if no errors were 
detected the CRCOK (pin 13) is set high. Accordingly the 
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complementary output (pin 16) is set low. These output 
states will be maintained as long as DIN is held high and 
CRCIZ (pin 8) is not strobed. If the CRCOK lines do not 
become active, an error has been detected and a re-try 
is in order. If successive re-tries fail, an error flag may be 



set to determine a further course of action as desired by 
the user, 

WCLK is divided by 16 to produce TIMCLK which may be 
used as a buffered step clock for SA1 000 compatible drives. 



MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 50°C 

Storage Temperature Range - 55° to + 1 50°C 

Lead Temperature (soldering, 10 sec.) +300°C 



Positive Vbttageonanyl/O Pin, with r e sp e c t to^raund 

Negative Voltage on any I/O Pin, with respect to ground 

Power Dissipation 

'Stresses above those listed may cause permanent damage to the device. This is a stress rat;.V-!^e 
device at these or at any other condition above those indicated in the operational sections of this spJ: 

DC ELECTRICAL CHARACTERISTICS: T^ = 0°C to 50°C; Vcc = + 5V ± 10%, Vss = OV 



+ 7.0V 
-0.2V 
1 watt 




SYMBOL 


PARAMETER 


MIN 


TYP^ 


MAX 


UNIT 


CONDITION 


V. 


input Low Voltage 


-0.2 




0.8 


V 




Vh 


Input High Voltage 


2.4 






V 




Vol 


Output Low Voltage 






0.4 


V 


loL = 3.2 mA 


VoH 


Output High Voltage 


2.4 






V 


loH =-200ftA 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 




Ice 


Supply Current 






100 


mA 


All Outputs Open 



AC ELECTRICAL CHARACTERISTICS: T, = 


0°Cto50°C;Vcc = 


+ 5V ± 10% 


,Vss = OV 






SYMBOL 


PARAMETER 


MIN 


TYP' 


MAX 


UNIT 


CONDITION 


twT. 


T WCLK to i TIMCLK 








95 


nsec 




twR 


TWCLKtoTTIMCLK 








85 


nsec 




tzs 


i CRCIZ to tSKPCLK 








120 


nsec 




tzK 


CRCIZ pulse width 




90 






nsec 




Ibs 


DOCE set up time w.r.t. 
iDOCK 




20 






nsec 




Ibh 


DOCE hold time w.r.t. 
iDOCK 




40 




105 


nsec 
nsec 




toD 


DIN to DOUT delay 


CWE set high 



SYMBOL 


PARAMETER 


MIN 


TYP^ 


MAX 


UNIT 


CONDITION 


toK 


iDINtoiSKPCLK 






120 


nsec 




tow 


DIN PW. to reset SKPCLK 


50 






nsec 




t,c 


iDOCK to i CWE 






120 


nsec 




tBC 


iDOCK to T CWE 






120 


nsec 




tsc 


SHFCLK frequency 






5.25 


MHZ 




tsR 


TSHFCLK to T CRCOK 






85 


nsec 




tsc 


T SHFCLK to i CRCOK 






90 


nsec 




•■1,N 


iDOCK to i DIN 






90 


nsec 






Notes: 1 . Typical values are for T^ = 25°C and Vcc = + 5.0V 



CRCIZ 



SKPCLK 



DIN 




Initialize 
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SHFCLK 
DIN 



'J~LnjiJiJiJirijnjTnjijn_rijixL^^ 



DOCK 



n = last data byte 




CRCOK 
CRCOK 



Write Mode 



gANDJ^RD MICROSYSTEMS 
CORPORATION^ 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions: consequently complete information sufficient for construction purposes is not necessarily given The 
information has been carefully checked and is believed to be entirely reliable. However no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make chanaes 
at any time in order to improve design and supply the best product possible 
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STANDARD MICROSYSTEMS 
CORPORATION^ 



HDC 110(H)5 

PRELIMINARY 



Hard Disk Parallel to Serial Converter 



FEATURES 

D Single + 5 Volt Power Supply 

D Double Buffered 

n Byte Strobe Outputs 

n 5 Mbit Data Rate 

n Parallel In/Serial Out 

D 20 Pin DIP 

n n-Channel COPLAMOS® Silicon Gate Technology 



PIN CONFIGURATION 









DO 1 C 
D1 2 C 
D2 3C 
D3 4C 
D4 5C 
D5 6 : 
06 7 C 
D7 8C 
SHFCLK 9 : 
Vss IOC 




3 20VCC 
: 19 EN 
P 18 NC 
P 17 TEST 
3 16 BDONE 
1 15 DOUT 


: 14 shfClk 

: 13 LD 


\l 1i! WCLK 

3 11 dClk 









GENERAL DESCRIPTION 



The HDC 1 1 00-05 converts bytes of parallel data to a serial 
data stream for writing to disk memories or other serial 
devices. Parallel data is entered via the D0-D7 lines. A syn- 
chronous byte counter is used to signify that 8 bits of data 



have been shifted out and that the 8 bit latch is ready to be 
reloaded. The double buffering of the data permits another 
byte to be loaded while the previous byte is in the process 
of being shifted. 



D0-D7»-V ° 



DCLK ■ f 



WCLK"^ 



TEST 



8 BIT 
LATCH 



Q O 



''^>^ 



+ 5V 

u 



BYTE ^ 
COUNTER Q 

LD 

— ZZH 



+ 5V 



u 



D— (H-C 



8 BIT SHIFT 
REG 



00 



>^D0UT 



EN » ' 



SHFCLK 
SHFCLK 

BDONE 



-^ LD 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NUMBER 


SYMBOL 


NAME 


FUNCTION 


1-8 


D0-D7 


DATA0-DATA7 


8 bit parallel data inputs (bit 7 = MSB). 


9 


SHFCLK 


SHIFT CLOCK 


Inverted copy of WCLK (pin 12) which is active when 
ENABLE (pin 19) is at a logic 0. 


10 


Vss 


GROUND 


GROUND. 


11 


DCLK 


DATA CLOCK 


Active low input signal resets the BDONE (pin 16) 
latch. The low-to-high (trailing edge) clocks the input 
data into the internal 8 bit latch. 


12 


WCLK 


WRITE CLOCK 


The high-to-iow (J,) edge of this clock signal is used to 
shift the data out serially. The low-to-high (f) edge is 
used to update the internal byte counter (modulo 8). 


13 


LD 


LOAD 


This active low signal indicates that the Byte Counter is 
being preset to 1. Normally left open by the user. 


14 


SHFCLK 


SHIFT CLOCK 


Delayed copy of WCLK (pin 12) which is active when 
EN (pin 19) is at a logic 0. 


15 


DOUT 


DATA OUT 


Serial data output enabled by EN (pin 19). 


16 


BDONE 


BYTE DONE 


This output signal is forced to a logic 1 whenever 8 bits 
of data have been shifted out. BDONE remains in this 
state unless reset by the loading of another byte of 
data. 


17 


TEST 


TEST INPUT 


This pin must be left open by the user 


18 


NC 


No Connection 


NO CONNECTION 


19 


EN 


ENABLE 


1 his active low signal enables DOUT SHFCLK, 
SHFCLK, and BDONE outputs. When high, these 
output signals are in a high impedance state. 


20 


Vcc 


Vcc 


+ 5 power supply input. 



OPERATION 

Prior to loading the HDC 1 100-05, it is recommended that 
OOH (or FF) be loaded intqjthe input buffers to ensure that 
DOUT is at a fixed level. EN (pin 19) is set to a logic to 
enable the device outputs. 

Data is entered on the D0-D7 input li nes and is strob ed into 
the data latches on the rising edge of DCLK (pin 11). DCLK 
also resets BCONE (pin 16). The first BDONE that comes 
up simply means that the HDC 1 100-05 is ready to accept 
another byte of data and that the previous byte entered is 
in the process of being shifted out . If the BDONE is serviced 
prior to every 8th WRITE CLOCK pulse the output data will 
represent a contiguous block of the bytes entered. Due to 
the asynchronous nature of the HDC 1 100-05, the input data 
will be available in serial form at the output anywhere from 
8 to 1 6 write clock cycles later. 

Data is shifted out on the high-to-low tr ansition of the WCLK 
(pin 12). The low-to-high transition of WCLK increments a 
byte counter which in turn sets the BDONE signal high after 
8 bits of data have been shifted out. The low-to-high tran- 



sition of BDONE also causes the loading of the data buffer 
into the shift register The data buffer is now ready to be 
reloaded with the next byte. 

The loading of the next byte automatically clears the BDONE 
signal. The entire process as outlined above is repeated. 
BDONE always needs to be serviced within 8 WCLK cycles 
unless the next byte to be transmitted is the same as the 
previous byte. 

Four signals, BDONE, DOUT, SHFCLK, and SHFCLK, can 
be placed in a high impedance state of setting EN (pin 19) 
to a logic 1 . Likewise, EN must be at a logic in order for 
these signals to drive any external device. 

The TEST pirns internally OR'd with the counter output to 
produce the LD (pin 13) signal. This is used to inhibit the bit 
counter by ex ternal means for test purposes. It is recom- 
mended that TEST be left open by the user. An internal 
pullup register is tied to this pin to satisfy the appropriate 
logic level required for proper device operation. 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 10 sec.) 

Positive Voltage on any I/O Pin, with respect to ground 

Negative Voltage on any I/O Pin, with respect to ground 

Power Dissipation 

*Stresses above those listed may cause permanent damage to the device. This is a stress rati 
device at these or at any other condition above those indicated in the operational sections of this sP^ 

DC ELECTRICAL CHARACTERISTICS: T^ = O'C to 50°C; Vco = + 5V ± 10%, Vss = OV 



,..0°Cto+50°C 
-55°to+150°C 

+300°C 

+ 7.0V 

-0.2V 

1.0 watt 



SYMBOL 



VoH 

Vol 

VoH 



PARAMETER 



Input Low Voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 
Supply Voltage 
Supply Current 



MIN 



-0.2 
2.4 



2.4 
4.5 



TYP' 



5.0 



MAX 



0.8 


V 




V 


0.4 


V 




V 


5.5 


V 


100 


mA 




AC ELECTRICAL CHARACTERISTICS: T^ = 0°C to 50°C; Vcc = 


+ 5V± 10% 


,Vss = OV 






SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNIT 


CONDITION 




WCLK frequency 






5.25 


MHZ 






DCLK pulse width 


50 






nsec 




Ids 


Data set-up w.r.t.TDCLK 


30 






nsec 




toH 


Data hold time w.r.t.T DCLK 


30 






nsec 




toB 


iDCLKtoiBDONE 






130 


nsec 


EN = 


too 


iWCLKtoDOUT 






130 


nsec 


EN = 


tsH 


iWCLKtoiSHFCLK 






75 


nsec 


EN = 


tHS 


iWCLKtoTSHFCLK 






70 


nsec 


EN = 




TWCLKtoTBDONE 


75 




180 


nsec 




Ies 


i EN to BDONE, DOUT 
SHFCLK ACTIVE 






25 


nsec 




toL 


TWCLKtoiLD 






50 


nsec 





NOTES: 1 . Typical Values are for T* = 25°C and Vcc = + 5.0V 



WCLK 
DCLK 




DOUT [ 



SHFCLK 



SHFELK 



rLJi_riJiJxruiJiJ"u^-ri^ 
Lj"Tji_rij~LJi-rTJijn-rLj"iJTJ^^ 
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STAI\OM?D MICROSYSTEMS 
(jQRPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to mal<e changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CXJRPORATION^ 




HDC7261D 

PRELIMINARY 



Hard Disk Controller 



FEATURES 

□ Flexible interface to various types of Hard Disk Drives 

D Programmable Track Format 

D Controls up to 8 Drives 

D Parallel Seek Operation Capability 

D Multi-sector and Multi-track Transfer Capability 

D Data Scan and Data Verify Capability 

D High Level Commands, Including: 

READ DATA SEEK (Normal or Buffered) 

READ ID RECALIBRATE (Normal or Buffered) 

WRITE DATA READ DIAGNOSTIC (SMD Only) 

WRITE ID SPECIFY 

SCAN DATA SENSE INTERRUPT STATUS 

VERIFY DATA SENSE DRIVE STATUS 

VERIFY ID DETECT ERROR 

CHECK 
D NRZ, FM, or MFM Data Format 
n Maximum Data Transfer Rate: 12MHz 
D Error Detection and Correction Capability 
n Simple I/O Structure: Compatible with Most 

Microprocessors 
D All Inputs and Outputs except Clock Pins are TTL- 

Compatible (Clock Pins Require Pull-up) 
D Single + 5V Power Supply 
n 40-Pin Dual-in-line Package 
n COPLAMOS® n-Channel Silicon Gate Technology 



PIN CONFIGURATION 















\y 






SYNC 


1 C 




D 40 Vcc 


(RGATE) 


R W DATA 


2C 




2 39 BT1 


(WGATE) 


RWCLK 


3C 


2 38 BTO 




RESET 


4C 


D 37 CLK 




INT 


5 C 




2 36 INDEX 




DREQ 


6 C 




2 35 SCT 


(POL) 


TC 


7 1 




2 34 USIG 


(PCE) 


C5 


8C 




2 33 SSTG 


(DSD) 


RD 
WR 


9C 
10 C 




2 32 BDIR 
] 31 TG3 


(SKC) 








(TRKO) 


AO 


11 c 








2 30 TG2 


(READY) 


DO 
D1 


12 C 

13 C 








] 29 TGI 
] 28 BT2 


(WFLT) 




(DSO) 


02 


14 C 




] 27 BT3 


(DS1) 


D3 


15 C 




2 26 BT4 


(HSO) 


D4 


16 C 




: 25 BT5 


(HS1) 


D5 


17 C 




] 24 BT6 


(HS2) 


D6 


18 C 




] 23 BT7 


(RWC) 


D7 


19 C 




2 22 BT8 


(STEP) 


GND 


20 C 
PA( 




2 21 BT9 


(DIR) 


::KAGE: 40-pin D.I. p. 





Note: signals showain parentheses are used when the HDC7261 
is in the floppy- like mode. 



GENERAL DESCRIPTION 



TheHDC7261 Hard Disk Controller is an intelligent micro- 
processor peripheral designed to control a number of dif- 
ferent types of disk drives. It is capable of supporting either 
hard-sector or soft-sector disks and provides all control sig- 
nals that interface the controller with either SMD disk inter- 
faces or Seagate floppy-like drives. Its sophisticated 
instruction set minimizes the software overhead for the host 
microprocessor. By using the DMA controller, the micropro- 
cessor needs only to load a few command bytes into the 
HDC7261 and all the data transfers associated with read. 



write, or format operations are done by the HDC7261 and 
the DMA controller. Extensive error reporting, verify com- 
mands, ECC, and CRC data error checking assure reliable 
controller operation. The HDC7261 provides internal 
address mark detection, ID verification, and CRC or ECC 
checking and verification. An eight-byte FIFO is used for 
loading command parameters and obtaining command 
results. This makes the structuring of software drivers a 
simple task. The FIFO is also used for buffering data dunng 
DMA read/write operations. 
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STANDARD MICROSYSTEMS 
(DORPORATION^ 




HDC 9224 

PRELIMINARY 



Universal Disk Controller 



FEATURES 

Programmable Disk Drive Interface and Formats 

n Seagate (ST506) or user definable Hard Disk Formats 
D IBM Compatible Single or Double Density Floppy Disk 

Formats 
D Controls 8", 5.25", and 3.5" drives 
D Controls tape drives for tape backup of disks 
D Full CRC generation and checking 
D Internal or External Error detection 
D Programmable user-transparent Error correction 
D Programmable automatic retry option 
D Programmable internal write precompensation logic 
n Read/Write commands with automatic seek 
D Multiple sector read/write transfers 
D Sector interleave capability 
D internal address mark generation and detection 
D Programmable track step rates 
D Supports both buffered and unbuffered seeks 
D Polling command allows overlapping seeks 
D Powerful, high level command set 
D Controls up to 4 drives with 
n up to 1 6 heads per drive 
D up to 2048 cylinders per drive 
D up to 256 sectors per track 

Flexible System Interface 

D Built-in DMA controller capable of addressing up to 

16 MBytes 
D Supports either private or virtual buffer memory 

addressing schemes 
D User readable Interrupt, Chip Status, and Drive Status 

registers 



PIN CONFIGURATION 

1 


Vcc C 


1 40 


J RDATA 


INT C 


2 39 


3 EARLY 


RCLK C 


3 38 


DLATE 


C/D C 


4 37 


3 WDATA 


ACK C 


5 36 


DCLK 


DS C 


6 35 


3 SO 


R/W C 


7 34 


PSTB 


ABO C 


8 33 


3 DMACLK 


AB1 C 


9 32 


psi 


AB2 C 


10 31 


riRST 


AB3 C 


11 30 


;3Dip 


AB4 C 


12 29 


P ECCTM 


AB5 n 


13 28 "IDMAR 


AB6 C 


14 27 PWGATE 


AB7 C 


15 26 DRDGATE 


Cs n 


16 25 3DB7 


DBO C 


17 24 PDB6 


DB1 C 


18 23 pDB5 


DB2 C 


19 22 pVss 


DB3 C 


20 21 


3DB4 


PACKAGE: 40 Pin DIP 



D Programmable Interrupt Mask 
D TTL compatible 
n Standard 40 pin DIP package 
D Single + 5 volt supply 



GENERAL DESCRIPTION 



The HDC 9224 Universal Disk Controller (UDC) is a 40 
pin, n-channel MOS/LSI device capable of interfacing up 
to 4 Winchester-type hard disks and/or industry standard 
floppy disks to a processor. The chip is programmable to 
support both the Seagate (ST506) and user defined hard 
disk formats, as well as IBM compatible 8", 5.25" and 3.5" 
single and double density formats. 

A powerful and sophisticated command set reduces the 
software overhead required to implement a combined hard 
disk/floppy disk controller. These commands include: 



Drive Select 

Step out 1 cylinder 

Restore Drive 

Read Physical Sectors 

Write Logical Sectors 

Chip Reset 

Poll Drives for Ready 

Tape Back-up 



Seek to cylinder and read ID 
Step in 1 cylinder 
Read Logical Sectors 
Read Entire Track 
Write Physical Sectors 
Deselect Drive 
Set Register Pointer 
Format current track 



The HDC 9224 can use both private memory or shared 
memory buffers with the chip's internal DMA controller pro- 



viding up to 24 bit addresses over an 8 bit data bus. This 
enables the HDC 9224 to address up to 16 megabytes of 
memory, and allows the hardware designer tremendous 
flexibility in system design. 

Several techniques of error detection and correction are 
implemented on the HDC 9224. One user selected method 
allows the chip to detect and transparently correct a read 
error in the data-stream, without external logic. Another 
technique allows the designer complete control over the 
ECC algorithm, by using external logic or system software 
to detect and correct the error. As a further aid in error han- 
dling, the HDC 9224 allows the user to specify the number 
of read retries to be attempted before an error is reported 
to the host processor by the HDC 9224. 

The HDC 9224 features a versatile track format com- 
mand which allows formatting with interleaved sectors. The 
chip needs only 3 or 4 bytes of external memory space per 
sector (depending on format selected). This feature allows 
the designer to optimize sector interleaving for optimum 
througliput. 
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CLOCK 
GEN 



CLK 



MICRO 
SEQUENCER 



MICRO 

CONTROL 

ROM 



WGATE 
RGATE 
STB 
SO 



COMMAND REG 



TT 



ALU/REGISTER FILE 



FORMAT 
DATA ROM 



t: 



ECC'CRC REG 



SER/PAR 

AND 

PAR/SER 

CONVERTER 



INT ENABLE 
REG 



IL 



MODE REG 



RESYNC 



.RDATA 
RCLK 



DATA REG 



3E 



INT STATUS 



3E 



CHIP STATUS 



3EZ 



^ 



DRIVE STATUS 

Z3EZ 



f f 



WRITE ENCODER 

AND 
PRECOMP LOGIC 



-WDATA 
- EARLY 
-LATE 



3E" 



BLOCK DIAGRAM OF DATA PATH IN HDC 9224 



DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


DESCRIPTION 


1 


Power 


Vcc 


+ 5 volt power supply pin 


22 


Ground 


Vss 


System ground 


16 




cs 


This signal (when active) selects the HDC 9224 for communications with the host 
processor. This signal is normally derived by decoding the high order address bits. 
It is active low. 


Chip Select 


17,18 
19,20 
21,23 
24,25 


Data Bus 7-0 


DB7-0 


All system processor reads and writes, (including status reads, initialization, disk 
parameters, and commands) are 8 bit transfers which utilize these lines. 
When the UDC is accessing memory, data is input or output on these lines. 


Data on these lines is valid only when DATA STROBE (DS) is active low. 


8-15 


Aux Bus 7-0 


AB7-0 


These 8 pins are used to output drive control signals and DMA Address 
information. 

Additionally, these pins are used to input drive status information. 


4 


Command/Data 


C/D 


During processor to UDC communications, this input is used to indicate whether a 
command or data transfer will follow. 

If this pin is low, data may be written to, or read from, the internal data registers. 

If this pin is high, the processor may write commands or read command results 
from the UDC. 


7 


Read/Write 


R/W 


When the processor is communicating to the UDC, a high on this input line indi- 
cates a (processor) request for a UDC read operation, and a low indicates a (pro- 
cessor) request for a write operation. 


R/W C/D Operation 


Write to register file 

1 Write to command reg. 

1 Read from register file 

1 1 Read Interrupt Status Register 


During UDC initiated operations, this pin becomes an output, and is used to indi- 
cate a read operation (logic 1 ) or write operation (logic 0) to external memories. 
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PIN NO. 


NAME 


SYMBOL 


DESCRIPTION 


6 




DS 


This active low pin functions as both an input and output. When the processor is 
writing to the UDC, the trailing edge of an active (low) signal applied to this pin indi- 
cates that the data on DB7-0 is valid, and the data is latched into the appropriate 
UDC register on the rising edge. 

When the processor is reading from the UDC, the trailing edge of an active (low) 
signal applied to this pin is used to clock out the desired UDC register on to DB7-0. 
During UDC initiated DMA operations, the UDC drives this pin low to either read or 
write data from memory. On DMA read cycles, data is clocked in on the trailing 
edge. On DMA write operations, the data on DB7-0 is valid anytime this pin is 
active (low). 
When this^ i&Wgt^ {logic t}^, DB7-Q return to a Wgh Impedance state. 


Data Strobe 


2 


Interrupt 


INT 


This active high output is used by the UDC whenever it wants to interrupt the pro- 
cessor The interrupt pin is reset to its inactive (low) state when the UDC interrupt 
status register is read. 


30 


DMA In Progress 


DIP 


This active high output becomes active whenever the UDC is actually performing a 
DMA operation. 


28 


DMA Request 


DMAR 


This active high output becomes active whenever the UDC requires the system 

bus to perform a memory cycle, and ACK is inactive. During hard disk operations, 

it remains active until the sector transfer is complete. 

During floppy disk operations, it is active for 1 byte transfer time. 

The UDC shows that is has released the system bus by resetting this signal to its 

inactive (low) state. 


5 


Acknowledge 


ACK 


This active high signal from the processor tells the UDC that the processor has 
released the system bus and the UDC may access system memory 


37 


Write Data 


WDATA 


This pin is used to output serial data from the UDC to the drive, in either FM or 
MFM format. In both cases, data is output with the most significant bit first. 


38 


Late 


LATE 


This output (when active high) indicates that the current flux transition appearing 
on WDATA is to be written late. 


39 


Early 


EARLY 


This output (when active high) indicates that the current flux transition appearing 
on WDATA is to be written early 


27 


Write Gate 


WGATE 


This output (when active high) indicates the drive should allow a write operation. 


40 


Read Data 


RDATA 


This input pin contains the serial bit stream read from the drive, in either FM or 
MFM format. Media flux reversals are indicated by a negative transition. 


3 


Read Clock 


RCLK 


This input is generated by the external data separator. Its frequency should self- 
adjust to the variations in bit width in the data stream from the drive. This clock 
supplies a window to indicate half-bit-cell boundaries. 


26 


Read Gate 


RDGATE 


This output pin is used to enable the external data separator, compensate for write 

to read recovery time of the drive, and filter out the write splice in gaps 2 and 3. 

The timing of this signal is dependent upon the type of drive (hard or floppy) being 

used. 

RDGATE is inactive at all times except when the UDC is actually performing a read 

operation or an internal ECC operation. 


29 


ECC Time 


ECCTM 


When the UDC is used in external ECC mode, this output pin becomes active 
{\o\N) during the time the UDC is reading the ECC bytes from memory or external 
ECC chip, when executing a WRITE command. 

It is also active during internal ECC correction operations, and for either one 
(write) or two (read) byte times after DIP (pin 30) becomes inactive following a sec- 
tor transfer. This shows the system processor when it should service the UDC 
buffer. 


32,35 


Select 1,0 S1,S0 




These active high outputs are used by external logic to select either the source or 
destination for data transfers occuring via AB7-0. The following table defines the 
specific transfer being called for by the UDC. (Note that S1 -0 are valid only when 
STB is active low.) 




STB S1 SO AB7-0 Activity 






1 X X S1, SO Invalid 
UDC inputs Drive Status Signals 
1 UDC outputs DMA address bytes 
1 UDC outputs OUTPUT 1 signals 
1 1 UDC outputs OUTPUT 2 signals 
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PIN NO. 


NAME 


SYMBOL 


DESCRIPTION 


34 


Strobe 


STB 


This active low output indicates when the host processor should read or write to 
AB7-0, as indicated by 31-0. 

When AB7-0 are used as outputs from the UDC, data is valid anytime this signal is 
active (low). 

When A57-0 are used as inputs to tne UDC, aaia fs ciocKed in on the rising edge 
of this signal. 


36 


DEVICE CLOCK 


CLK 


This input is the double frequency clock used by the UDC for all internal timing 
operations. 

Eight inch hard disk drives (with a nominal bit time of 230 ns) require an input of 
8.696 MHz (11 5 ns period). 

5.25" hard disks (with a nominal bit time of 200 ns) require a 1 MHz input (1 00 ns 
period). 

Eight inch, 5.25" and 3.5" floppy drives all require a 1 MHz clock, which is inter- 
nally prescaled by the UDC to the correct frequency, as determined from the Drive 
Select command and MODE register 

This input requires an external pull-up resistor, as it is notTTL-ievel compatible. 
See figure 2. 


31 


Reset 


RST 


This active low input will force the UDC into the following known state: 
INT-Inactive low 
WDATA-lnactive low 
ECCTM-lnactive high 
DMAR-lnactive low 
EARLY-lnactive low 
C/D-lnput 
AB7-0-lnput 
LATE- Inactive low 
R/W-lnput 
DB7-0-lnput 
WGATE-lnactive low 
DIP-lnactive low 
RDGATE-lnactive low 
135-lnput 

An active low on this pin has the same effect as a RESET Command. 


33 


DMA Clock 


DMACLK 


All UDC DMA operations will be synchronized to this clock input. Three DMACLK 
periods are required for each DMA byte transfer. 



OVERVIEW OF UDC REGISTERS 

The HDC 9224 has three types of internal, processor 
addressable registers; Read/Write, Read Only, and Write 
Only. These registers are addressed by an internal register 
pointer that is set by the SET REGISTER POINTER 
command. 

All register data is passed to and from the UDC via the 
data bus (DB7-0). 

The internal register pointer is automatically incre- 
mented with each register access until it points to the DATA 
Register. This insures that all subsequent register accesses 
will address the DATA register. 



PROCESSOR ACESSIBLE REGISTERS 



REGISTER ADDR 


WRITE 


READ 





DMA7-0 


DMA7-0 


1 


DMA15-8 


DMA15-8 


2 


DMA23-16 


DMA23-16 


3 


Desired Sector 


Desired Sector 


4 


Desired Head 


Current Head 


5 


Desired Cylinder 


Current Cylinder 


6 


Sector Count 


Temporary Storage 


7 


Retry Count 


Temporary Storage 


8 


Mode 


Chip Status 


9 


Interrupt/Command 
Terminator 


Drive Status 


A 


Data/Delay 


Data 


COMMAND 


Current Command 


Interrupt Status 



Three internal registers (OUTPUT 1 , OUTPUT 2, and 
INPUT DRIVE STATUS) which are not directly address- 
able by the processor are accessed by the UDC. The infor- 
mation contained in these registers is used in disk interfac- 
ing and is input or output on UDC Pins AB7-0. The following 
table describes these registers and the signals they output 
or input on AB7-0. 



UDC ADDRESSABLE REGISTERS 



DRIVE STATUS REGISTER (input) Select Pins SI = 0, SO = 

AB7— ECC Error AB6— Index Pulse 

AB5— Seek Complete AB4— Track 00 

AB3— User Defined AB2— Write Protect 

AB1 —Drive Ready ABO— Write Fault 



0UTPUT1 (Output) 

AB7— Drive Select 3 


Select Pins SI =1, SO =0 


AB6— Drive Select 2 


AB5— Drive Select 1 


AB4— Drive Select 


AB3— Programmable 


AB2— Programmable Outputs 


Outputs (see text) 


ABO— Programmable Outputs 


AB1— Programmable 




Outputs 





OUTP UT 2 (Output) 

AB7— Drive Select 3 
AB5— Step Direction 
AB3— Desired Head (Bit 3) 
AB1— Desired Head Bit 1) 



Select Pins S1=1, SO =1 

AB6— Reduce Write Current 
AB4— Step Pulse 
AB2— Desired Head (Bit 2) 
ABO— Desired Head (Bit 0) 
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Additionally several registers (DMA7-0, DMA1 5-8, DMA23-1 6, DESIRED SECTOR, DESIRED CYLINDER, SECTOR 
COUNT and RETRY COUNT) serve an alternate purpose. These registers are used by the FORMAT TRACK command 
to hold parameters. This alternate register utilization is described in detail under the FORMAT TRACK command. 



DESCRIPTION OF UDC REGISTERS 

DMA 7-0 (R/W Register; Address 0) 

This 8-bit read/write register is loaded with the low order 
byte (MSB in bit 7) of the DMA buffer memory starting 
address. 
r)MA 4iUA JRJVJ Real stay Address 1 \ 
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This 8-bit read/write register is loaded with the middle 
order byte (MSB in bit 7) of the DMA buffer memory starting 
address. 

DMA 23-1 6 (R/W Register; Address 2) 

This 8 bit read/write register is loaded with the high order 
byte (MSB in bit 7) of the DMA buffer memory starting 
address. 

Prior to the data transfer portion of a read or write com- 
mand, the UDC writes the contents of the DMA registers to 
an external counter. This transfer (from the registers to the 
external counter) is accomplished by the UDC with 3 sep- 
arate outputs on AB7-0, with the contents of DMA 24-16 
being transfered first. (In memory areas that require less 
than 24 bit addressing, the higher order bits are ovenwritten. 
The external counter must be incremented with the UDC's 
DS signal after each byte transfer. 

If, during read operations, an error is detected during the 
data transfer, a retry will occur (if so programmed), and the 
three DMA registers will re-initialize the external counter to 
the original starting address. 

During multiple sector read/write operations, the DMA 
address contained in the DMA registers will be incre- 
mented by the size of the sector selected at each sector 
boundary This ensures that during read operations the 
address contained in the DMA registers always corre- 
sponds to the proper memory starting address of the sector 
currently being read. 



AB7-0 
HDC9224 



/ » ADD 8-15 



/ » ADD 0-7 



DMA COUNTER OPERATION 



DESIRED SECTOR REGISTER (R/W Register; 

Address 3) 

This 8-bit read/write register is loaded with the starting 
sector number of a multiple sector read/write operation. 
Except for the last sector of the operation, this register is 
incremented after each sector is written or read without error. 

If the UDC terminates a command because of an error, 
this register will normally contain the bad sector number, 
and may be read by the processor. 



DESIRED HEAD REGISTER (Write Register; 

Address 4) 

This 8-bit write only register is loaded with the 4-bit head 
number, and the upper 3 bits of the desired cylinder number. 
BIT 7 ALWAYS 

BITS 6-4 MSBs of the Desired Cylinder number 
BITS 3-0 Desired Head Number. 
The desired tread number is output on AB3-0 during 
OUTPUT 2 times. 

DESIRED CYLINDER REGISTER (Write Register; 

Address 5) 

This 8-bit write only register is loaded with the 8 low order 
bits of the desired cylinder (MSB in Bit 7). Combined with 
the 3 high order bits loaded into the DESIRED HEAD REG- 
ISTER, these 1 1 bits form the desired cylinder number, 
which is checked by read and write operations during the 
Check ID portion of the command. 

SECTOR COUNT REGISTER (Write Register; 

Address 6) 

This 8-bit write only register is loaded with the number of 
sectors to be operated on by the read or write command. 
This allows multiple sectors on the same cylinder to be either 
written or read. 

RETRY COUNT REGISTER (Write Register; 

Address 7) 

This 8-bit write only register is loaded with the number 
of times the UDC should retry to read a data field before 
reporting an error. Additionally, this register is loaded with 
the user programmable output signals that the UDC out- 
puts on ABO-3 during OUTPUT 1 times. 

The retry count is loaded (in 1 's complement format) into 
the 4 most significant bits of this register. 

The user programmable output signals are loaded into 
the 4 least significant bits of the register. 

BITS 7-4 Desired Retry Count (in 1 's complement 

format) \ 

BITS 3-0 User Programmable Output Signals 

MODE REGISTER (Write Register; Address 8) 

This 8-bit write only register defines the operating mode 
of the UDC as follows: 
BIT 7 (DRIVE DATA TYPE) 

This bit determines how the UDC decodes data from the 
drive. 

BIT 7 = (1): UDC configured for hard disk use. 

(Level transitions) 
BIT 7 = (0): UDC configured for floppy use. (Pulse 
inputs) 
BITS 6,5 (CRC/ECC Enable Code) 
These bits determine the error detection/correction code 
generated and checked by the UDC. 



DB6 DBS CODE GENERATED/CHECKED 



CRC 

1 External EGG 

1 Internal 32 bit EGG without correction 
1 1 Internal 32 bit EGG with correction 



With internal ECC selected the UDC will transfer 4 extra 

bytes during reads and writes. Normal CRC checking is still 

done on alllD fields. 

With external ECC selected the UDC will flag an ECC error 

via BIT 7 of the DRIVE STATUS REGISTER. Normal CRC 

checking is still done on all ID fields. 

If neither internal or external ECC is selected, then the UDC 

will perform CRC checks on both data and ID fields. 
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STEP RATES FOR DOUBLE DENSITY (MFM) OPERATION 




(Mode Bit 4 = 0) 




DRIVE TYPE 




5.25" HARD DISK 


8" FLOPPY 


5.25" FLOPPY 


DB2 


DB1 


DBO 


STEP RATE 


STEP RATE 


STEP RATE 


1 


1 


1 


12.8 ms 


128 ms 


256 ms 


1 


1 





6.4 ms 


64 ms 


IPflms 


1 





1 


3.2 ms 


32 ms 


64 ms 


1 








1.6 ms 


16 ms 


32 ms 





1 


1 


0.8 ms 


8 ms 


16 ms 





1 





0.4 ms 


4 ms 


8 ms 








1 


0.2 ms 


2 ms 


4 ms 











17.6 us* 


176 us* 


352 us * 











21 .8 us ** 


218 us** 


436 us ** 




Pulse Width: 




11.2 us 


112US 


224 us 


*This rate applies for SEEK commands only 






**This rate applies for RESTORE commands only 







(DOUBLE ALL OF THE ABOVE TIMES FOR SINGLE DENSITY (FM) OPERATIONS.) 



BJT 4 (Single or Double Density) 
Thiis bit determines whether the UDC will perform its oper- 
ations in either single or double density. 

BIT 4 = (1 ) Single Density (FM) Format 
BIT 4 = (0) Double Density (MFM) Format 

BIT 3 (ALWAYS 0) 

BITS 2,1 ,0 (Step Rate Select) 

These bits are programmed to select the desired drive step 
rate. Note that all step rates are determined by the type of 
drive and density selected, and are scaled from the CLK 
input. 

The UDC can output extremely rapid step rate pulses if these 
bits are set to 000. This is useful when the UDC is control- 
ling drives which support buffered seeks. For other speeds, 
please refer to the table above. 

INTERRUPT/COMAND TERMINATION REGISTER 

(Write Register; Address 9) 

This 8-bit write only register allows the programmer to 
mask out a number of conditions that would cause termi- 
nation of a command. (Such termination occurs when the 
DONE bit in the INTERRUPT STATUS register is set.) 
One bit in this register also controls the generation of inter- 
rupts when either the DONE bit or the READY CHANGE 
bit in the INTERRUPT STATUS register go active. 

BIT 7 (CRC PRESET) 

Setting this bit to "1 " will cause the CRC register to preset 
to 1 for CRC generation and checking. Setting this bit to 
"0" will cause the CRC register to preset to for CRC 

^QIlOlClLlWll Ol lU UII9Wf\Mi^> 

ID field CRC and data field CRC or ECC are generated 
and tested from the first A1 HEX byte in the ID field. 

BIT 6 (ALWAYS "0") 

This bit should always be set to "0" by the user. Failure to 

do this may result in unreliable operation. 

BIT 5 (INT ON DONE) 

If this bit is set (to "1"), an interrupt will occur when the 
DONE bit in the INTERRUPT STATUS register is set. If 
this bit is reset (to "0"), no interrupt will be generated for 
this condition. 

BIT 4 (DELETED DATA MARK) 

If this bit is set (to "1"), the DONE bit in the INTERRUPT 

QTATI l.<5 ronictor vA/ill ho cot uihon tho HPl PTFH RATA 



MARK bit in the CHIP STATUS register goes active, and 
the command will terminate when the current sector oper- 
ation is completed. 

BIT 3 (USER DEFINED) 

If this bit is set (to "1 "), the DONE bit in the INTERRUPT 
STATUS register will be set when the USER DEFINED 
status bit in the DRIVE STATUS register goes active, and 
the command will terminate when the current sector oper- 
ation is completed. 

BIT 2 (WRITE PROTECT) 

If this bit is set to (to "1"), the write or write format com- 
mand in progress will terminate and the DONE bit in the 
INTERRUPT STATUS register will be set when the WRITE 
PROTECT bit in the DRIVE STATUS register goes active. 

BIT 1 (READY CHANGE) 

If this bit is set (to "1"), an interrupt will occur when the 
READY CHANGE bit in the INTERRUPT STATUS register 
is set. If this bit is reset (to "0"), no interrupt will be gen- 
erated for this condition. 

The user should note that as a drive is selected or dese- 
lected, it is possible for the ready line from the drive to 
change state, and care should be taken in the design of 
the interrupt handler. 

BIT (WRITE FAULT) 

If this bit is set (to "1 "), the write or write format command 
in progress will terminate and the DONE bit in the INTER- 
RUPT STATUS register will be set when the WRITE FAULT 
status bit in the DRIVE STATUS register is set. The com- 
mand in progress will terminate when the current sector 
operation is completed. 



DATA/DELAY REGISTER (R/W Register; Address 

OAH) 

This 8-bit read /write register serves a dual purpose. 
During UDC writes, data is placed in this register for 
recording to the disk. During UDC reads, recovered data 
is fetched from this register for storage into memory. All 
transfers occur via DB7-0, under DMA control. 

Additionally, this register is loaded with the HEAD LOAD 
TIMER COUNT when the Drive Select command is issued. 
(Note that the actual amount of head load time is this value, 
times a value predetermined by the UDC, based on the 
type of drive selected. For more information, please see 

tho nri\/o .Qolo(^t r>nmmanH Hocrrintinn \ 
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COMMAND REGISTER (Write Register) 

This 8-bit write only register is used to pass commands 
to tlie UpC. Valid commands are given to the UPC by 
setting C/D high and R/W active high, while strobing DS 
active (low). 



CURRENT HEAD REGISTER Read Register; 

Address 4) 

This 8-bit read only register is updated from the disk 
when a valid ID field sync mark is found while executing a 
read ID field command sequence. This register contains 
the actual tiead numtser, trad sector flag, arrcf ttie 3 most 
significant bits of the cylinder number, as specified during 
formatting. 

BIT 7 = (1 ) Last sector read had BAD SECTOR bit set 
BIT 7 = (0) Last sector read had BAD SECTOR bit reset. 

BITS 6-4 Three most significant bits of the current cylinder. 
(Most significant bit in Bit 6.) 

BITS 3-0 Current Head Number (MSB in bit 3). 



CURRENT CYLINDER REGISTER (Read Register; 

Address 5) 

This 8-bit read only register is updated from the disk when 
a valid ID field sync mark is found while executing a read ID 
field command sequence. This register will contain the 8 
least significant bits of the cylinder ID number, as specified 
during formatting. (The 3 most significant bits of the 1 1 bit 
cylinder ID number are contained as part of the CURRENT 
HEAD REGISTER.) 



INTERRUPT STATUS REGISTER (Read Register) 

This 8-bit read only register contains status information 
associated with interrupt conditions and errors that occur 
during disk ogeration. This register is read by setting C/D 
high, and R/W high. 

When the Interrupt Status register is read, the INT output 
signal from the UDC will be reset (to an inactive low level). 

BIT 7 (INTERRUPT PENDING) 
A "1 " indicates that either DONE bit or READY CHANGE 
bit has gone active. The user may disable these interrupts 
by setting the appropriate bits in the INTERRUPT/COM- 
MAND TERMINATION, REGISTER. This bit is reset (to "0") 
by reading the Interrupt Status register. 

BIT 6 (DMA REQUEST) 

A "1 " indicates that the UDC requires a data transfer either 
to or from its data register. This bit is reset (to "0") by the 
data transfer 

BIT 5 (DONE) 

A "1 " indicates that the current command is completed. This 

bit is reset (to "0") when a new command is issued. 

BIT 4,3 (COMMAND TERMINATION CODE) 

(Valid only when DONE is set) 
These two bits indicate the command termination 
conditions: 



More detailed command termination error information is 
obtained by reading the Chip Status register 

BIT 2 (READY CHANGE) 

A "1" indicates that the "ready" signal from the drive has 
experienced a low-to-high or high-to-low transition. (This 
shows that the drive has either become ready or become 
not ready) This bit is reset (to "0") by reading the Interrupt 
Status register 

BIT 1 (OVERRUN/UNDERRUN) 
A "1" indicates that a overrun or underrun condition has 
occured during a read or write command. These conditions 
occur when the UDC does not receive an acknowledge (to 
a DMA request) by the time a byte is ready for transfer to or 
from the processor 

This bit can only be reset (to "0") with a RESET command 
or a high on the RESET pin. 

BIT (BAD SECTOR) 

A "1 " indicates that a bad sector (as indicated from the MSB 
of the head ID byte in the ID field) has been encountered. 
This bit is reset when a new command is issued, or a good 
sector is read. 



CHIP STATUS REGISTER (Read Register; Address 8) 

This 8-bit read only register supplies additional chip sta- 
tus information. The information in this register is only valid 
between the time that the DONE bit is set in the INTER- 
RUPT STATUS register and the time when the next com- 
mand is issued to the UDC. 

BIT 7 (RETRY REQUIRED) 

If a retry was attempted by the UDC during the execution of 

any read or write command, this bit is set (to "1 "). 

BIT6 (ECC CORRECTION ATTEMPTED) 

If the internal ECC circuitry has attempted to correct a bad 

sector, this bit is set (to "1 "). 

BIT 5 (CRC/ECC ERROR) 

If the UDC detects a CRC error or an ECC error, this bit is 

set (to "1"). 

BIT 4 (DELETED DATA MARK) 

If the UDC reads a deleted data mark in the ID field, this bit 

is set (to "1 "), othenwise it is reset (to "0"). 

BIT 3 (SYNC ERROR) 

If the UDC does not find a sync mark when it is attempting 
to read either an ID or data field, then this bit is set (to "1 "). 
The command being executed will terminate when this bit 
is set. 

BIT 2 (COMPARE ERROR) 

If the information contained in the DESIRED HEAD and 
DESIRED CYLINDER registers does not match that con- 
tained in an ID field on the disk, this bit is set (to "1"). The 
command being executed will terminate when this bit is set. 

BIT 1 ,0 (PRESENT DRIVE SELECTED) 
These two binary encoded bits represent the drive currently 
selected and correspond to the Drive Select bits set in the 
Output 1 and Output 2 latches. 



BIT 4 


BITS 


CONDITIONS 










BIT1 


BITO 


DRIVE SELECTED 





1 
1 




1 



1 


Successful command termination 

Execution error in READ ID 

Sequence 

Execution error in SEEK Sequence 

Execution error in DATA field 






1 
1 



1 


1 



1 
2 
3 
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DRIVE STATUS REGISTER (Read Register; 

Address 9) 

This 8-bit read only register contains status information 
generated by the drives, external ECC Chip (if any), and a 
user definable input to the UDC from the drive. 



l^^^^ XL.-. 
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AB7-0 and are latched in this internal register The UDC will 
update this register whenever it is not using AB7-0 to output 
DMA counter values, OUTPUT 1 , or OUTPUT 2 data. When 
configured as described below, the UDC will input drive sta- 
tus signals and interpret them as follows. In all cases, a logic 
"1 " is considered the active input. 

BIT 7 (ECC ERROR) 

This bit is set (to "1 ") when the ECC ERROR signal is gen- 
erated by an external ECC chip. This signal is input to the 
UDC on AB7. 

BIT 6 (INDEX) 

This bit is set (to "1") when the INDEX signal from the 
selected drive is active. Typically, index pulses from the 
drives are active for 10us-100us for each disk revolution. 
This signal is input to the UDC on AB6. 

BIT 5 (SEEK COMPLETE) 

This bit is set (to "1 ") when the SEEK COMPLETE signal 
from the selected drive is active. This bit will go active when 
the heads of the selected drive have settled over the desired 
track (at the completion of a seek). 

When a drive supplies this signal, reading and writing shouki 
not be attempted until SEEK COMPLETE is set (to "1"). 
This signal is input on AB5. 

For floppy disk operation, where the drives normally do not 
provide this signal, a retrigaerable one shot could be used 
to generate a SEEK COMPLETE signal (if desired). 

BIT 4 (TRACK 00) 

This bit is set (to "1 ") when the TRACK 00 signal from the 
selected drive is active. This indicates that the heads on the 
selected drive are positioned over track 0. This signal is input 
on AB4. 

BIT 3 (USER DEFINED) 

This bit is set (to "1 ") when the USER DEFINED signal is 

active. This signal is input on AB3. 

BIT 2 (WRITE PROTECT) 

This bit is set (to "1 ") when the WRITE PROTECT signal 
from the selected drive is active. When set, this bit indicates 
that the disk in the selected drive is write protected. This 
signal is input on AB2. 

BIT 1 (READY) 

This bit is set (to "1") when the READY signal from the 
selected drive is active. When set, this bit indicates that the 
drive is ready to execute commands. This signal is input on 
.AB1 . 

BIT (WRITE FAULT) 

This bit is set (to "1 ") when the WRITE FAULT signal from 
the selected drive is active. This signal, when active, indi- 
cates that a condition exists at the drive that would cause 
improper writing on the disk. This signal is input to the UDC 
on ABO. 



TEMPORARY STORAGE REGISTERS 

The UDC contains two temporary storage registers, used 
by the UDC for internal operations. The host processor 
should not attempt to read or modify these registers, as 
unpredictable results mav occur. 



UDC COMMAND OVERVIEW 

The HDC 9224 has 1 6 high-level commands that provide 
the user with a high degree of flexibility and control. All of 
the commands for the UDC can be thought of as falling into 
one of two basic groups. 

The first group handles the "housekeeping" required by the 
drives and the UDC itself. These commands are: 
RESET STEP OUT 1 CYLINDER 

STEP IN 1 CYLINDER SET REGISTER POINTER 
DRIVE SELECT RESTORE DRIVE 

DESELECT DRIVES POLL DRIVES 

The second aroup comprises the "READ/WRITE" func- 
tions requiredf in a magnetic disk subsystem. These com- 
mands are: 



SEEK/READ ID 
FORMAT TRACK 
READ TRACK 



TAPE BACKUP (READ/ 

WRITE) 

READ SECTORS LOGICAL 



READ SECTORS PHYSICAL 
WRITE SECTORS LOGICAL 

An internal status byte, which contains the BAD SECTOR, 
DELETED DATA and OVER/UNDER RUN bits, along with 
the current state of the READY WRITE PROTECT, WRITE 
FAULT, and USER DEFINED lines, is checked at various 
times during command execution. 

This internal status byte is examined before the execution 
of all READ/WRITE commands, and is also checked just 
prior to the completion of all commands (except for RESET, 
where its values would be meaningless.) 
This byte is also checked by the UDC between sector oper- 
ations during the execution of READ LOGICAL, READ 
PHYSICAL, WRITE LOGICAL and WRITE PHYSICAL 
commands. 

The UDC makes decisions regarding command termina- 
tion and interrupt generation based on the contents of this 
status byte, and the state of the bits in the INTERRUPT/ 
COMMAND TERMINATION register. (Note that "write pro- 
tect" and "write fault" status may cause command termi- 
nation only during write and format operations.) 

All commands (except RESET) terminate with the DONE 
bit in the INTERRUPT STATUS register being set. This bit 
may also be considered to be an inverted "busy" line, as 
the UDC resets it upon receipt of a valid command. 

During all READ/WRITE group commands (except FOR- 
MAT TRACK and BACKUP), the UDC utilizes some com- 
mon command execution sequences. Prior to entering each 
sequence the UDC sets the COMMAND TERMINATION 
bits (in the INTERRUPT STATUS register) to a known state. 
If a command fails to execute properly, these bits may then 
be used to determine where the command aborted. 

The sequences common to the READ/WRITE group com- 
mands are as follows: 

1. READ ID FIELD (Command Termination Code = 0-1) 
First, the UDC attempts to find an ID Field Sync mark. 
If no sync mark is found within 33,792 byte times (byte 
time = time to read one byte from the type of drive 
selected), the SYNC ERROR bit (in the CHIP STA- 
TUS register) is set (to "1"), and the command is 
terminated. 

During this phase, the UDC will raise and drop 
RDGATE up to 256 times (as it attempts to read each 
sector on the cvlinderV 
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SEEK READ ID 



READ ANY ID 

FIELD FROM 

CURRENT CYLINDER 



UPDATE HDC9224 
REGISTERS 




SET DIR OUTPUT, 

OUTPUT REQUIRED 

STEP PULSES 




READ AND VERIFY 

ID FIELD FROM 

CURRENT -CYLINDER 



SEEK/READ ID OPERATION 



After the ID Field is found, the UDC reads it and 
updates it CURRENT HEAD and CURRENT CYL- 
INDER registers. This information was written to the 
disk during formatting. 

Next, the UDC checks the CRC of the ID field which 
was read. If it is incorrect, the UDC sets (to "1") the 
CRC ERROR status bit (in the CHIP STATUS regis- 
ter) and terminates the command. 

If the CRC is correct, the UDC then calculates the 
direction and number of step pulses required to move 
the head from the current cylinder to the cylinder 
specified in the DESIRED HEAD REGISTER. These 
pulses, and ttie direction bit are output during the 
OUTPUT 2 times. 

If a command should terminate while in the sequence, 
the COMMAND TERMINATION bits will be set to 
0-1. 

2. VERIFY (Command Termination Code = 1-0) 

Afterthe UDC has read the ID Field, it attempts to ver- 
ify that it has found the correct cylinder. To do this, the 
UDC tries to find an ID Field sync mark on the selected 
disk. If the UDC is unable to find an ID Field sync mark 
within 33,792 byte times, the SYNC ERROR bit (in the 
CHIP STATUS register) is set to "1", and the com- 
mand is terminated. 

The UDC, after finding the ID Field sync mark, then 
reads the ID field and compares the information on 
the disk to the information contained in the DESIRED 
CYLINDER, DESIRED HEAD and DESIRED SEC- 
TOR registers. 

The UDC will hunt for sync marks and read ID fields 
until the desired sector is found. If the desired sector 
is not located within 33,792 byte times, then the 
COMPARE ERROR bit (in the CHIP STATUS regis- 
ter) is set to "1 ", and the command is terminated. 

After the correct sector is found, the UDC checks the 
CRC for the sector ID Field. If this is found to be incor- 
rect, the UDC sets to "1 " the CRC/ECC ERROR bit 
in the CHIP STATUS register, and the command 
is terminated. 

(When the UDC is executing a READ PHYSICAL or 
WRITE PHYSICAL command, ID Fields are checked 
only until the first sector to be transfered is found. No 
ID Field checking is performed on subsequent sec- 
tors, although CRC checking is done.) 

If a command should terminate while in this sequence, 
the COMMAND TERMINATION bits will be set to 
1-0. 

3. DATA TRANSFER (Command Termination 

Code = 1-1) 
If a READ PHYSICAL or READ LOGICAL com- 
mand is being executed, the UDC will try to find a data 
sync mark (FBhex or FShex) on the disk. If the sync 
mark found is F8h, then the UDC will set the DELETED 
DATA MARK bit in the CHIP STATUS register. 

After a data sync mark is found, the UDC then updates 
its CURRENT HEAD and CURRENT CYLINDER 
registers from the information found on the disk and 
initiates a DMA request. If the host processor does not 
respond to the request within 1 byte time, then the UDC 
will set to "1 " the OVER/UNDERRUN status bit in the 
INTERRUPT STATUS register, and the command will 
terminate. 

Using DMA, the UDC transfers a sector's worth of data, 
and then reads the ECC and/or CRC bytes. If a CRC 
error or uncorrectable ECC error is detected, the UDC 
will decrement the RETRY REGISTER, set the 
RETRY REQUIRED status bit (in the CHIP STATUS 
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register), and return to the VERIFY sequence. 
If the UDC cannot read the sector, and the count in the 
ENTRY COUNT register has expired, then the CRC/ 
ECC Error bit (in the CHIP STATUS register) is set, 
and the command terminates. 
During a multi-sector transfer, the UDC updates the 
DMA registers aner an seaor operations, including ihe 
last one, and the SECTOR COUNT register is dec- 
remented. If the SECTOR COUNT register equals 0, 
then the command is terminated. If the SECTOR 
COUNT register is not equal to 0, then the UDC will 
increment the DESIRED SECTOR register, re-initial- 
ize the RETRY COUNT register (to its original value) 
and return to the VERIFY sequence. 

If a command should terminate while in this sequence, 
the command termination bits will be set to 1 -1 . 



MULTIPLE SECTOR 



PERFORM DATA 

TRANSFER 
TO/FROM DISK 



UPDATE 

EXTERNAL DMA 

ADDRESS COUNTERS 



DECREMENT 
SECTC 
COUNT 




RETURN 



INCREMENT 

DESIRED SECTOR 

NUMBER 



MULTIPLE SECTOR READ OPERATIONS 



COMMAND DESCRIPTION 

RESET (Hex Value = 00) 

This command causes the UDC to return to a known state. 
This command allows the s ystem software to reset the chip, 
and has the same effect as RST input becoming active. 

This command causes all of the drive select bits (Drive 
Select 0-3) in the OUTPUT 1 and OUTPUT 2 registers to 
become inactive. 

RESTORE DRIVE (Hex Values = 02, 03) 

This command will cause the HDC 9224 to output step 
"ulses to the selected drive, so as to move the head back 
to Track 00. Before each step pulse, the UDC first checks 
the TRKOO and READY bits in the DRIVE STATUS register 
If TRKOO is active (high) or READY is inactive (low), then 
the UDC will terminate the command. 

The UDC will output up to 4096 step pulses. If the drive does 
not respond with an active (high) TRKOO signal within this 
period, the UDC will terminate the command with the DONE 
bit set (to "1 ") and the COMMAND TERMINATION CODE 
bits set to 1-0. (These bits are contained in the INTER- 
RUPT STATUS register.) 
This command takes two forms: 



COMMAND BYTE 


RESULT 


02 


The command will terminate, and an inter- 
rupt generated after the UDC has issued the 
step pulses. 


03 


The command will terminate, and an inter- 
rupt generated after the drive has provided 
a SEEK COMPLETE signal to the UDC. 
(This is useful in systems with "buffered 
seek" drives.) 



This command uses the step rate value loaded into the 
MODE register. 

STEP IN 1 CYLINDER (Hex Values = 04, 05) 

This command will cause the HDC 9224 to issue one step 
pulse towards the inner most track. This command is gen- 
erally used during track formatting, and takes two forms: 



COMMAND BYTE 


RESULT 


04 


The command will terminate, and an inter- 
rupt generated after the UDC issues the 
step pulse. 


05 


The command will not terminate until the 
UDC recognizes the SEEK COMPLb 1 b 
signal from the selected drive. Upon rec- 
ognition of SEEK COMPLETE the UDC will 
generate an interrupt. 



This command uses the step rate value programmed into 
the MODE register. 

STEP OUT 1 CYLINDER (Hex Values = 06, 07) 

This command will cause the HDC 9224 to issue one step 
pulse towards the outer most tracK (TracK 00;. i his com- 
mand is generally used during track formatting, and takes 
two forms: 



COMMAND BYTE 


RESULT 


06 


This command will terminate, and an Inter- 
rupt generated after the UDC issues the 
step pulse. 


07 


This command will not terminate until the 
UDC recognizes the SEEK COMPLETE 
signal from the selected drive. Upon rec- 
ognition of the SEEK COMPLETE, the UDC 
will generate an interrupt. 



This command uses the step rate value programmed into 
the MODE Register 
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POLL DRIVES (Hex Values = 1 thru 1 F) 

This command polls the drives for a SEEK COMPLETE 
signal allowing the user to perform simultaneous seeks on 
up to four drives. Polling is enabled by setting (to 1) the 
appropriate bit in the command word: bit for drive thru 
to bit 3 for drive 3. 
This command executes as follows: 

The UDC will output a drive select for the first drive in 
the polling sequence and look for a SEEK COM- 
PLETE status input from the polled drive. If the polled 
drive has not completed a seek, then this line remains 
low (logic 0), and the UDC selects the next drive in the 
pottingsequeTTce. Thts contirrues untif the UE)C detects 
a SEEK COMPLETE signal from a drive, which causes 
the DONE bit in the Interrupt Status register to be set, 
and the command terminates. 

The UDC will continue to select the drive that produced 
the SEEK COMPLETE signal, allowing the user to read 
the DRIVE STATUS register to determine which drive 
caused the command termination. 

The POLL DRIVES command must be preceeded by 
DESELECT. 

DRIVE SELECT (Hex Values = 20 thru 3F) 

This command will cause one of (up to) four drives to be 
selected for operation. Any previously selected drive is 
deselected by this command. Bits and 1 in the command 
word indicate (in binary form) which of the (up to) four drives 
has been selected. 



COMMAND WORD 


DRIVE 
SELECTED 


DB1 


DBO 





1 
1 




1 


1 


Drive 
Drive 1 
Drive 2 
Drive 3 



Decoded drive select signals are then placed on the data 
bus (via AB7-AB4) during OUTPUT 1 times and should be 
latched externally. 

Since the HDC 9224 can interface both hard disks and floppy 
disks to a processor, the Drive Select command needs to 
also specify the type of drive being selected. Bits 2 and 3 in 
the command word are used to pass this information to the 
chip, and take the following form: 



COMMAND WORD 


TYPE 
OF DRIVE 


DB3 


DB2 





1 

1 



1 


1 


Hard disk with ST506 (Seagate) 
compatible format— 256 byte data 
field and 3 byte ID field per sector No 
internal clock prescaling performed. 
Hard disk with user defineable for- 
mat. This format allows a data field 
length of 1 28, 256, 51 2, 1 024, 2048, 
4096, 8192, or 16384 bytes with 4 
byte ID field per sector No internal 
clock pre-scaling is performed. 
8 inch floppy disk, with standard 4 
byte ID field. An internal divider cre- 
ates a 1 MHz clock to be compatible 
with standard disk data rates. 

5.25 inch floppy disk, with standard 4 
byte ID field. An internal divider cre- 
ates a 500 KHz clock to be compat- 
ible with standard disk data rates. 



NOTE: Microfloppy system designers should determine 
whether the drive they have chosen to use in the system is 
compatible with 8" floppy drives or 5.25" floppy drives, and 
use the appropriate values from the table above. 

Note that eight inch Winchester-type drives require an 8.696 
MHz system clock. All other drives require a 1 MHz system 
clock. It is not possible for the UDC to derive internally the 
clocks required for floppy disk operation from the 8.696 MHz 
clock required by 8 inch Winchester drives. 
To insure compatibility with various drives, the HDC 9224 
features a programmable head load timer. Head load delay 
may be inhibited by resetting theDeJay Bit^it4)inthe Drive 
Select command word to 0. If Bit 4 is set (to 1), then the 
head load delay timer is configured with the value in the 
DATA/DELAY register (Register A), multiplied by value 
shown below: 



DRIVE AND 


HEAD LOAD TIMER INCREMENT 


FORMAT SELECTED 


(BIT 4 = 


1 = Delay Enabled) 


5.25" HARD DISK 


200 usee 




(Double Density) 






5.25" HARD DISK 


400 usee 




(Single Density) 






8" FLOPPY 

(Double Density) 
8" FLOPPY 


2 msec 


(The HEAD LOAD 
TIMER is set to a value 
equal to this increment 


(Single Density) 




timesthe number in the 
DATA/DELAY register.) 


5.25" FLOPPY 


4 msec 




(Double Density) 






5.25" FLOPPY 


8 msec 




(Single Density 







The Drive Select command also optimizes certain charac- 
teristics of the HDC 9224 for the type of drive selected. 

IF HARD DISK SELECTED: 

-DMA mechanism works in burst mode and the bus is 
held for the entire sector transfer 

-The RDGATE and WRGATE output signals follow the 
timing relationships shown in Figures 12A and 12B. 

-The GAP lengths are aS shown in Table 1 . 



REGISTER POINTERI 



DMA ADDR (LOW BYTE) 



DMA ADDR (MIDDLE BYTE) 



DMA ADDR (HIGH BYTE) 



SECTOR NUMBER 



HEAD NUMBER 



CYLINDER NUMBER 



SECTOR COUNT 
k 



RETRY COUNT 



MODE/CHIP STATUS 



fNTERRUPT/DRIVE STATUS 



DATA 



SET REGISTER POINTER COMMAND 
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IF FLOPPY DISK SELECTED: 

-DMA mechanism transfers an 8-bit byte, and releases 

the bus. 
-The RDGATE and WRGATE output signals follow the 

timing relationships shown in Figures 12A and 12B. 

TWn (^ AD lonrt+he nra oe ehr>\«jn in Tohlo 1 

-The CLK input clock Is prescaled (internally) to create 
an internal clock compatible with the floppy disk data 
rates. 

SET REGISTER POINTER (Hex Values = 40 to 4A) 

This command causes the register pointer to point to a reg- 
ister. The desired register number is loaded into the 4 least 
significant bits of the command word. (MSB in BIT 3). 
The register pointer is incremented by the UDC on each 
register access, until it points to the DATA register. This 
reduces the number of times the user must set the register 
pointer during read and write operation. 
Care should be taken to ensure that only valid register val- 
ues are loaded into the command word, (Valid register 
numbers are thru OAH.) 

SEEK/READ ID (Hex Values = 50 to 57) 

This command will cause the UDC to read the first sector 
ID field found from the currently selected drive, head, and 
cylinder. The MODE register should contain the correct value 
for step rate and density options. 
After reading the ID field the UDC will examine the com- 
mand word and execute the specified options. Bits 2 thru 
in the command word are used to specify the following 
options: 

BIT 2 = 1 STEP ENABLE. The UDC will execute the step 

sequence, and position the head on the track 

specified by the DESIRED CYLINDER register. 

BIT2 = STEP DISABLE. No step pulses will be issued 

by the UDC. 

BIT 1 = 1 WAIT FOR COMPLETE. The UDC will proceed 
to the verify sequence only after the drive has 
issued a SEEK COMPLETE signal. 

BIT 1 = DO NOT WAIT FOR COMPLETE. The UDC will 
proceed to the verify sequence after the last step 
pulse has been issued. 

BITO = 1 VERIFY ID. The UDC will execute the VERIFY 
sequence after operations selected by the pre- 
vious options have finished. 

BITO = DISABLE VERIFY ID. The UDC will not enter 
the VERIFY sequence. Instead, the command 
will terminate. 

The order in which these options execute is: STEP, COM- 
PLETE, VERIFY ID. Any combination of these option bits 
may be specified in the command word. 

READ SECTORS PHYSICAL (Hex Values = 58 and 59) 

This command will cause the UuC to read up to a full track 
from the disk. The user specifies the MODE, DESIRED 
CYLINDER, DESIRED HEAD, and DESIRED SECTOR 
along with the SECTOR COUNT The UDC will find the 
requested cylinder and sector and set up to begin the data 
transfer 

(If using drives which support buffered seeks, BITS 2-0 in 
the MODE SELECT register should be set to 0-0-0. This 
will cause the UDC to wait for a SEEK COMPLETE signal 
from the drive prior to entering the verify sequence.) 
If a BAD SECTOR bit is read (from the sector ID field) the 
UDC will set the COMMAND TERMINATION bits (in the 
INTERRUPT STATUS register) to 1-0, and set the DONE 
bit (in the INTERRUPT STATUS register) to 1 , and termi- 
r>o+Q thg command. 



After each sector is successfully read, the SECTOR COUNT 
register is decremented. If the SECTOR COUNT register 
is not yet equal to the process is repeated for the next 
physical sector on the track. This command also will ter- 
minate if the Index pulse is received from the drive. 
(Note that after the first sector is found, no further compar- 
ison is made uyeiinsi seuiur nuriiburs I'uuiiu uri II m uisk as 
the DESIRED SECTOR register value may not correspond 
to the next physical sector on the disk because of sector 
interleaving.) 

This command takes two forms allowing the user to specify 
the desired transfer option. The options are specified by Bit 
In the command word, and are: 
BITO = 1 TRANSFER ENABLE. The UDC will transfer the 

data fields to (external) memory, using DMA. 
BITO = TRANSFER DISABLE. The UDC will NOT 
transfer any data to (external) memory, but all 
error detection circuitry will be enabled and 
errors reported. This is useful in detecting bad 
sectors and tracks on the disk. 
Before executing this command, the user must set the 
RETRY COUNT to 0. This is done by loading the high order 
nybble in the RETRY COUNT register to "1 1 11 " (zero in 1 's 
complement format). Failure to do this will result in unpre- 
dictable performance because the DESIRED SECTOR 
register value may not correspond to the next physical sec- 
tor on the disk. 

READ TRACK (Hex Values = 5A and 5B) 

When this command is issued, the UDC will read the data 
from the entire track on which the selected drive is currently 
sitting. The UDC will begin reading when it detects the lead- 
ing edge of an index mark signal from the drive, and termi- 
nate reading when it detects the next leading edge of an 
index mark signal. Sync detect is performed for the ID field, 
but no error checking is done on the data field. 
This command allows the user to specify a data transfer 
option, using Bit in the command word. These options are: 
BITO = 1 TRANSFER ALL DATA. The UDC will transfer 
the ID field and data fields to (external) memory 
BITO = TRANSFER ONLY IDs. The UDC will transfer 
only ID fields to the (external) memory This is 
useful during tape backup operations. 

READ SECTORS LOGICAL (Hex Values = 50 to 5F) 

When this command is issued, the UDC will read up to a full 
track from the selected drive. Prior to reading the data from 
the disk, the UDC will use the information in the MODE, 
DESIRED CYLINDER, DESIRED SECTOR and DESIRED 
HEAD registers to locate the correct track, sector and drive 
surface (using the previously described VERIFY sequence). 
(If using drives which support buffered seeks, BITS 2-0 in 
the MODE SELECT register should be set to 0-0-0. This 
will cause the UDC to wait for a SEEK COMPLETE signal 
from the drive prior to entering the verify sequence.) 
Before the command is issued, the system processor must 
also load the desired values into the MODE, SECTOR 
COUNT RETRY COUNT and the three DMA registers. 

After the desired track and sector is found and verified, the 
DATA TRANSFER sequence begins. After each success- 
ful sector transfer, the UDC increments the DESIRED 
SECTOR register (except after the last sector is trans- 
fered), decrements the SECTOR COUNT register, and re- 
enters the VERIFY sequence. This process continues until 
the SECTOR COUNT register is equal to (or an error 
occurs). 

This command has four options, which are specified by Bit 
1 and Bit of the command word. The four options are: 
BIT 1 = 1 BAD SECTOR BYPASS. If, during the read, the 
UDC finds a sector with the BAD SECTOR bit 
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C READ ~^ 



SEEK TO 
DESIRED 
CYLINDER 




EXECUTE 
CORRECTION 
ALGORITHM 




CORRECT ERROR 
IN MEMORY 




C RETURN^) 



READ SECTORS OPERATION 



set (from the sector ID field on the disk), the sec- 
tor be skipped, the sector count will not be dec- 
remented, and the sector number will not be 
Changed. 

Bin = BAD SECTOR TERMINATE. If, during a read, 
the UDC finds a sector with the BAD SECTOR 
bit set, the UDC will set the COMMAND TER- 
MINATION CODE to 1-0, set the BAD SECTOR 
status bit and the DONE status bit, and termi- 
nate the command (with an interrupt, if ena- 
bled). All of the above named status bits are 
contained in the INTERRUPT STATUS register. 

BITO = 1 TRANSFER ENABLED. The UDC will transfer 
data from the disk to the system. The DMA 
REQUEST status bit (in the INTERRUPT STA- 
TUS register) will be set when the UDC requires 
servicing. 



BITO = TRANSFER DISABLED. The UDC will not 
transfer data read from the disk, but all error 
checking circuitry will be enabled. 

FORMAT TRACK (Hex Values 60 to 7F) 

This command causes the UDC to format the current cyl- 
inder from the leading edge of one index mark to the leading 
edge of the next index mark. The format chosen is depen- 
dent on the Drive Select command. 
During execution of the FORMAT TRACK command, the 
UDC will fetch all required ID field data from external mem- 
ory, and write it to the disk, along with format constants sup- 
plied autofftatteaHy by the tiDc. Tills reduces thenumber 
of bytes required to format a sector to 3 or 4, depending on 
the format chosen. 

Before the FORMAT TRACK command can be given, the 
system processor must: 

1 . Generate an ID Field table for the track in UDC 

memory area. This ID Field Table consists of: 
CYLINDER BYTE 
HEAD BYTE 

SECTOR NUMBER BYTE 
SECTOR SIZE/ECC SIZE BYTE (not required for 
ST-506 formats) repeated for each sector on the track. 
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INTERLEAVED SECTORS 







The UDC can format a track with interleaved sectors by 
staggering the sector numbers. For example, to format a 
32 sector track, with a sector interleave factor of 4, the 
system processor would set up the ID Field table sector 
numbers as follows: 
0,8,16,24,1,9,17,25,2,10,18,26,3,11,19, 
27... 7,15,23,31. 

(Note that when formatting in ST506 mode, only three 
bytes are required for each sector, while four bytes are 
needed for IBM or user defineable formats. Also note that 
sector numbers start with zero (0) on ST506 compatible 
format, and start with one (1) on IBM formatted floppy 
diskettes.) 

2. Load the UDC DMA registers with the starting address 
of the external memory buffer containing the ID Field data 
just created. 
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Issue the DRIVE SELECT command, which moves the 
DMA registers to the CURRENT HEAD, CURRENT 
CYLINDER, and a TEMPORARY REGISTER. (This is 
necessary because the UDC will now re-use the DMA 
registers to hold format parameters). 
When formatting multiple cyiinders,__the system proces- 
sor does noi need lu re-issue DRIVE SELE^ i bctWccM 
cylinders as the STEP IN and STEP OUT commands 
preserve the DMA addresses and format parameters. It 
is necessary, however, to update the ID Field table, 
described in #1 , above. 

Load the DESIRED HEAD registerwith the proper value. 
Load the following values (in the format shown) into the 
registers indicated below: 



PARAMETER 


FORMAT 


REGISTER 


GAP Size 


two's complement format 


DMA 7-0 


GAP 1 Size 


two's complement format 


DMA 15-8 


GAP 2 Size 


two's complement format 


DMA 23-1 6 


GAP 3 Size 


two's complement format 


Desired Sector 


Sync Size 


one's complement format 


Desired Cylinder 


Sector Count 


one's complement format 


Sector Count 


Sector Size 


one's complement format 


Retry Count 


Mult. 







FORMAT PARAMETERS TABLE 

When using ST506/PC (fixed length) hard disk format, 
the values for GAP and GAP 1 must both be set to the 
same number, and loaded into the appropriate DMA 
register. 

The Sector Size Multiple programs the UDC to format with 
a sector size that is a multiple of 1 28 data field bytes. For 
example, to format a track with a sector data field size of 
512 bytes, then the Sector Size Multiple would be set to 
FD hex, which is "2" in one's complement notation. 
In ST506/PC format, the sector size is fixed at 512 bytes. 
In IBM floppy disk format, the sector sizes allowed are 
128, 256, 512, or 1024 bytes. With user defineable hard 
disk formats, allowed sector sizes are 128, 256, 512, 1024, 
2048, 4096, 8192, or 16384 bytes. 

6. Load the MODE register to specify the step rate, single 
or double density option, and CRC/ECC options. 

7. Step to the desired track. For the first track, this is nor- 
mally done by issuing a RESTORE DRIVE command, to 
return the heads to Cylinder 000, then use the STEP IN 
1 or STEP OUT 1 commands to move the head to sub- 
sequent cylinders on the disk. 

8. Issue the FORMAT TRACK command. All data fields on 
the disk will be filled with E5 hex. In double density 
recording (MFM) all gaps will be filled with 4E hex, while 
in single density (FM) all gaps will be filled with FF hex. 
This format is compatible for IBM specifications for floppy 
disks. 

9. To Format additional tracks, it is only necessary to update, 
the ID Field table (step 1 ) and repeat steps 7 and 8, Do 
NOT modify the DESIRED HEAD register when format- 
ting additional tracks with the same head. If it is neces- 
sary to change the DESIRED HEAD register, the system 
processor must repeat all steps described above. 

The FORMAT TRACK command allows the user to 
specify several options. These options are specified by 
setting the appropriate low order bits in the command 
word. The bit mapping for these options are: 
BIT 4 = 1 Write Deleted Data Mark. During the format 

process, the UDC will write the deleted data 

mark (F8 hex) for the data address field. 
BIT 4 = Write Normal Data Mark. During the format 

process, the UDC will write the normal data 

field address mark (FB hex). 



BIT 3 = 1 Write with Reduced Current. When this bit is set, 
the Reduced Write Current Output will go high 
(active) during the Output 2 time slot. 
BIT 3 = Write with Normal Current. When this bit is reset, 
the Reduced Write Current Output wil remain low 
(inactive) during the Output 2 time slot, 
bits id, 1 , ana u are usea to select the Write Precompensa- 
tion value to be used during the format of disks. The follow- 
ing table specifies these values: 

SECTOR SIZE FIELD BITS 



DB2 


DB1 


DBO 


IBM FD FORMAT 


HD FORMAT 











128 bytes/sector 


128 bytes/sector 








1 


256 bytes/sector 


256 bytes/sector 





1 





512 bytes/sector 


512 bytes/sector 





1 


1 


1024 bytes/sector 


1024 bytes/sector 


1 








not used 


2048 bytes/sector 


1 





1 


not used 


4096 bytes/sector 


1 


1 





not used 


8192 bytes/sector 


1 


1 


1 


not used 


16,384 bytes/sector 



FORMAT ECC TYPE FIELD 



DB7 DB6 DB5 DB4 



HD FORMAT 



4 ECC bytes generated/checked 
1111 5 ECC bytes generated/checked (1 ) 
1110 6 ECC bytes generated/checked (1) 
110 1 7 ECC bytes generated/checked (1) 
note 1 : WITH EXTERNAL ECC 



IBM FLOPPY DISK FORMAT; 



ID FIELD 



DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 



CYLINDER 
HEAD 
SECTOR 
SECTOR SIZE 



track number 
side number 

sector number sector size 
(2 bits) 



HARD DISK FORMAT: ST506 PC FORMAT (512 BYTES) 



ID FIELD 



DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 



CYLINDER 
HEAD 



SECTOR 



cylinder number (8 LSB's) 
bad cyl#cyl#cyl#hd#hd#hd#hd# 
sectorbitlObitg bit 8 bit 3 bit 2 biti bitO 
flag 

sector number 



HARD DISK FORMAT: (USER SELECTABLE 


SECTOR SIZE) 




ID FIELD 


DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 


CYLINDER 


cylinder number (8 LSB's) 


HEAD 


bad cyl #cyi #cyl # hd # hd # hd # hd # 




sector bit 10 bit 9 bit 8 bit 3 bit 2 bit 1 bit 




flag 


SECTOR 


sector number 


SECTOR SIZE 


ECC tvoe X sector size 




(3 bits) 



BIT 2 


BITI 


BITO 


Precompensation 
(For Floppy Disks) 




1 

1 
1 
1 




1 


1 
1 
1 







1 
1 
1 


1 



None, enable EARLY and LATE 

Outputs 

600 nsec. Minifloppy only 

500 nsec, Minifloppy only 

400 nsec, Minifloppy only 

300 nsec 

200 nsec 

100 nsec 

None, suppress EARLY and 

LATE Outputs 
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WRITE SECTORS LOGICAL (Hex Values AO thru BF, 

EOthruFF) 

This command will cause the UDC to write logically con- 
secutive sectors on the disk. Before issuing this command, 
the system processor must load the following UDC registers: 

DESIRED SECTOR DESIRED CYLINDER 

DESIRED HEAD SECTOR COUNT 

DMA 7-0 DMA15-8 

DMA 23-16 MODE 

RETRY COUNT 
Since retries during a write command are not valid, the high 
order nybble of the RETRY register should be set to 0, in 
t'scom p l eme n t format (11 tt). 











( WRITE ) 






SEEK TO 
DESIRED CYLINDER 






1 


' 






WRITE DATA MARK 
OR DELETED 
DATA MARK 






1 


' 






WRITE DATA 
TO DISK 






' 


' 






CALCULATE CRC OR 
ECC BYTES AND 
WRITE TO DISK 






' 


' 




WF 


( RETURN ) 

IJTE DATA OPERATI 


ON 



Before writing data to the selected disk drive, the UDC will 
read the current ID field, step to the desired cylinder and 
verify that it has located the correct cylinder and sector. 
(These steps were described previously under "UDC Com- 
mand Overview"). 

After the "Verify" sequence is done, the "data transfer" 
sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted Data Mark (F8 hex) on the disk, as 
selected by the user (see below). Then the UDC will trans- 
fer a sector's worth of data (using DMA) from the memory 
area specified by the DMA registers. After writing out the 
sector, CRC or ECC bytes will be written as specified by the 
MODE register. 

Next, the SECTOR COUNT register is decremented, and 
if not yet equal to 0, the operation continues for the next 
logical sector. 

This command allows the user to specify several options. 



These options are specified by bits in the command word 
and are as follows: 

BIT 6 = 1 BAD SECTOR BYPASS. The UDC will 
bypass the sectors with the BAD SEC- 
TOR FLAG set in the ID field. 

BIT 6 = BAD SECTOR TERMINATION. The UDC 
will terminate the command when it 
locates a sector with the BAD SECTOR 
FLAG flag set in the ID field. In addition, 
the COMMAND TERMINATION CODE 
Status bits will be set to 1-0, the BAD 
SECTOR status bit will be set, the DONE 
status bit Witt be set, and if not Tnas1<ed; an 
interrupt will be generated. 

BIT 5 = 1 WRITE LOGICAL COMMAND BIT 
(Always set to "1" for Write logical 
command). 

BIT 4 = 1 DELETED DATA MARK. Data will be writ- 
ten with a Deleted Data Mark (F8 hex) in 
the ID field. 

BIT 4 = NORMAL DATA MARK. Data will be writ- 
ten with a Normal Data Mark (FB hex) in 
the ID field. 

BIT 3 = 1 REDUCED WRITE CURRENT Setting 
this bit will cause the UDC's Reduced 
Write Current output to go high. 

BIT 3 = NORMAL WRITE CURRENT Resetting 
this bit will cause the UDC's Reduced 
Write Current output to go low. 

Bits 2, 1 , and are used to select the Write Precom- 
pensation value to be used during writes to disks. 
The table below specifies these values. 



BIT 2 


BIT1 


BITO 


Precompensation 
(For Floppy Disks) 




1 

1 
1 
1 




1 


1 
1 
1 







1 
1 
1 



1 




None, enable EARLY and LATE 

Outputs 

600 nsec, Minifloppy only 

500 nsec, Minifloppy only 

400 nsec, Minifloppy only 

300 nsec 

200 nsec 

1 00 nsec 

None, suppress EARLY and 

LATE Outputs 



NOTE: For hard disks, precompensation is handled 
with an external delay line, which is connected to the 
EARLY and LATE Outputs of the UDC. These lines 
toggle in response to the data pattern being written 
to the disk. 

WRITE SECTORS PHYSICAL (Hex Values 80 thru 9F, 

CO thru DF) 

This command will cause the UDC to write physically con- 
secutive sectors on the disk. Before issuing this command, 
the system processor must load the following UDC registers: 



DESIRED SECTOR 
DESIRED HEAD 
DMA 7-0 
DMA 23-1 6 
RETRY COUNT 



DESIRED CYLINDER 
SECTOR COUNT 
DMA 15-8 
MODE 



Since retries during a write command are not valid, the high 
order nybble of the RETRY register should be set to 0, in 
1 's complement format (1111). 

Before writing data to the selected disk drive, the UDC will 
read the current ID field, step to the desired cylinder and 
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verify that it has located the correct cylinder and sector 
(These steps were described previously under "UDC Com- 
mand Overview"). 

After the "Verify" sequence is done, the "data transfer" 
sequence begins. The UDC will first write either a Data Mark 
(FB hex) or Deleted Data Mark (F8 hex) on the disk, as 

__i_ _i_-i 1.. . lu. i~ u«i~...\ -ru-« 4.U- I irv^ ..,:ii ♦-„«»« 
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fer a sector's worth of data (using DMA) from the memory 
area specified by the DMA registers. After writing out the 
sector, CRC or ECC bytes will be written as specified by the 
MODE register. Next, the SECTOR COUNT register is dec- 
remented, and if not yet equal to 0, the operation continues 
for the next physical sector 

This command allows the user to specify several options. 
These options are specified by bits in the command word 
and are as follows: 

BIT 6 = 1 BAD SECTOR BYPASS. The UDC will 
bypass the sectors with the BAD SEC- 
TOR FLAG set in the ID field. 

BIT 6 = BAD SECTOR TERMINATION. The UDC 
will terminate the command when it 
locates a sector with the BAD SECTOR 
FLAG flat set in the ID field. In addition, 
the COMMAND TERMINATION CODE 
Status bits will be set to 1-0, the BAD 
SECTOR status bit will be set, the DONE 
status bit will be set, and if not masked, an 
interrupt will be generated. 

BITS = WRITE PHYSICAL COMMAND BIT 
(Reset to "0" for Write Physical 
Command). 

BIT 4 = 1 DELETED DATA MARK. Data will be 
written with a Deleted Data Mark (F8 hex) 
in the ID field. 

BIT 4 = NORMAL DATA MARK. Data will be writ- 
ten with a Normal Data Mark (FB hex) in 
the ID field. 

BIT 3 = 1 REDUCED WRITE CURRENT. Setting 
this bit will cause the UDC's Reduced 
Write Current output to go high. 

BIT 3 = NORMAL WRITE CURRENT. Resetting 
this bit will cause the UDC's Reduced 
Write Current output to go low. 

Bits 2, 1 , and are used to select the Write Precom- 
pensation value to be used during writes to floppy 
disks. The table below specifies these values. 



TAPE BACK-UP (Hex Values = 08 to OF) 

The TAPE BACK-UP command set provides the system with 
the capability of transferring data to and from a tape drive 
in continuous blocks. TAPE BACK-UP utilizes the UDC's 
DMA, data conversion, error detection/correction and sec- 
tor count circuitry. 
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between tape drives and disk drives, some of the register 
bits described earlier in this data sheet change functions 
when the UDC is executing the TAPE BACKUP COM- 
MAND. In many cases, the CLK input to the UDC will also 
need to be changed to compensate for the slower data rate 
from tape drives. 
TAPE BACKUP REGISTER DESCRIPTION 

The following bits in the UDC's register file assume the 
functions listed below when executing the BACK-UP com- 
mand and should be programmed accordingly. 
The following tables describe the differences in register 
usage when the UDC is executing the TAPE BACKUP 
command. (Complete TAPE BACKUP register bit maps are 
located in rear of the data sheet.) 



MODE REGISTER 



Bit 2 = 1 16 byte sync detect delay enable 
= 016 byte sync detect delay disabled 

Bit 1 = 1 TAPE BACKUP Write Enable (writing) 
= TAPE BACKUP Write Disable (reading) 

Bit = 1 Tape mark enable (short block) 
= Tape mark disable (long block) 



RETRY COUNT REGISTER 



Bits 7-4 Retry should be disabled, by setting these bits to 

"1". (Retry Disabled) 
Bits 3-0 program outputs (user controlled). Bit 3 is typically 

used for write enable to the tape drive. 

Bits and 1 are typically used for tape driven 

motion control as per drive manufacturer's 

specification. 



DESIRED CYLINDER 



Bits 7-4 ECC Type Field: 

DB7 DB6 DBS DB4 ECC TYPE 



4 ECC bytes generated/ 

chscksd 
1111 5 ECC bytes generated/ 

chficksd 
1110 6 ECC bytes generated/ 

chscksd 
110 1 7 ECC bytes generated/ 

checked 
note: 5, 6, 7 byte ECCs are generated and checked by 
hardware external to the UDC. 



BIT 2 


BIT1 


BITO 


Precompensation 
f For FloiT^y Disks^ 




1 

1 
1 
1 




1 


1 
1 
1 







1 
1 
1 



1 




None, enable EARLY and LATE 

Outputs 

600 nsec. Minifloppy only 

500 nsec. Minifloppy only 

400 nsec. Minifloppy only 

300 nsec 

200 nsec 

100 nsec 

None, suppress EARLY and LATE 

Outputs 



NOTE: for hard disks, precompensation is handled with an 
external delay line, which is connected to the EARLY and 
LATE Outputs of the UDC. These lines toggle in response 
to the data pattern being written to the disk. 



DESIRED CYLINDER 








Bits 


rtiwav's 








Bits 2-0 


Data Block Size 








DB2 


DB1 


DBO 


DATA BLOCK SIZE 











128 bytes 










1 


256 bytes 







1 





51 2 bytes 







1 


1 


1 024 bytes 




1 








2048 bytes 




1 





1 


4096 bytes 




1 


1 


u 


81 92 bytes 




1 


1 


1 


16,384 bytes 



Remember that the UDC internal ECC code can correct up 
to a 4K byte long Data Block, but that the larger the Data 
Block the greater the probability of a miscorrection. 
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Also, when executing the TAPE BACKUP command, the 
DRIVE SELECT command is altered slightly, as illustrated 
below: 



DRIVE SELECT COMMAND 
Bit# 7 6 5 4 


3 


2 


1 


Drive 
Select 








1 


Ramp Up/Down 
delay enable 


1 


CLK 

divisor 


1 1 



DB2 



CLOCK DIVISOR FOR TAPE 



CLK is divided by 10 (similar to 8" floppy divisor). 

1 CLK is divided by 20 (similar to 5.25" floppy divisor). 



These bits, in conjunction with Bits 4 and 7 of the MODE 
register, will allow selection of both FM and MFM recording 
on tape, with a tape format that resembles IBM compatible 
floppy disk formats. 

Setting the Drive Type bits to 1 ,0 or 1 ,1 will also cause the 
UDC to take on the following characteristics: 
-DMA mechanism transfers a byte (8 bits) and relin- 
quishes the bus. 
-The RDGATE and WRGATE output signals have timing 
characteristics as shown in Figures 12A and 12B of the 
UDC spec. 
-The gap lengths are as illustrated in Table 1 or the UDC 

spec. 
-Tape format parameters will be as per Table 1 of the UDC 
spec. 

COMMAND EXECUTION OVERVIEW 

The tape backup command allows the user a convenient 
method of backing up either floppy or hard disks to tape. 
The UDC may be interfaced to either cartridge or cassette 
type tape drives, working in either streaming or start/stop 
mode. 

Read and Write functions of TAPE BACKUP share a com- 
mon command byte. The three LSB'sof the MODE register 
are also used by the TAPE BACKUP command to specify 
user options, and to select between tape read or tape write 
mode. 

Two kinds of blocks may be specified when reading or writ- 
ing dependent on the state of the TAPE MARK ENABLE bit 
in the MODE register: 

1 . DATA BLOCK. The length of the data block (also 

called a long block) is equal to: 

2"* 1 28 bytes where n is an integer 
between and 7 inclusive. The 
desired length of the data block (2") 
is programmed into the desired cyl- 
inder register 

2. TAPE MARK. The minimum length of the tape 

mark (also called a short block) is 3 
bytes. The maximum length of the 
tape mark is 257 bytes. The desired 
length is programmed into the sec- 
tor count register 
Multiple data block transfers are accomplished by pro- 
gramming the 1 's complement of the desired number of data 
blocks to be transferred into the sector count register. 

The three LSB's of the MODE register function as part of 
the BACK-UP command word. The WRITE ENABLE bit 
determines whether loading the BACK-UP command into 
the UDC will initiate execution of a BACK-UP READ or 
BACK-UP WRITE sequence. The TAPE MARK ENABLE 
bit determines whether the UDC will write a short or long 
block of data on the tape and the DELAY ENABLE bit deter- 
mines whether or not the RDGATE signal is stretched when 
it coincides with a sync mark when reading the tape. The 
remaining bits in the command word are as follows: 



COMMAND DB7 DB6 DB5 DB4 DBS DB2 DB1 DBO 



BACK-UP 
(READING) 

BACK-UP 
(WRITING) 




precomp value 



xfer 
enable 



BACK-UP READ 

When reading a short block, only CRC is checked. When 
reading a long block, CRC or ECC will be checked, depend- 
ing on the CRC/ECC bits in the Mode register. 

Bit = 1 Data transfer enabled, error checking enabled 
= Data transfer disabled, error checking enabled 

BACK-UP WRITE 

When writing, the precompensation value is derived from 
the CLK frequency as follows: 



Bit 2 Bit1 BitO Precompensation 



None, enable EARLY and LATE 

6 CLK cycle periods 

5 CLK cycle periods 

4 CLK cycle periods 

3 CLK cycle periods 

2 CLK cycle periods 

1 CLK cycle period 

None, suppress EARLY and LATE 

PRECOMPENSATION SELECT FOR BACK-UP COMMAND 






1 





1 





1 





1 


1 


1 


1 


1 


1 


1 





1 














1 












TAPE BACKUP SYSTEM CONFIGURATION NOTES 

(A schematic showing a typical system implementation 
using the TAPE BACKUP feature is contained in Sche- 
matic Diagram 2.) 

1 . Proper operation of the TAPE BACKUP command 
requires that the tape drive be addressed as DRIVE #3 
by the UDC. 

2. During the UDC's OUTPUT 2 period external circuitry 
must enable a separate latch to receive the user defined 
10 bits and tape track numb er bits. This latch should 
use the DRIVE SELECT 3 signal (output during the 
OUTPUT 2 period) so that the contents of the latch may 
only be changed when the tape drive is selected. 

Four additional drive control signals may be loaded into 
the four LSB's of the RETRY COUNT register. These 
additional outputs are latched externally during OUT- 
PUT 1 times for use by the tape drive. These outputs 
would normally be used to control tape drive Write Ena- 
ble logic (bit 3) and tape motion (bits and 1 ), and tape 
motor on and off (bit 2). 

3. It is important to consider the time required for a tape 
drive to come up to operating speed when using the 
TAPE BACKUP command. Also, to insure adequate 
spacing between tape blocks, a delay is frequently 
required before stopping tape motion. The UDC has a 
programmable Ramp Up and Ramp Down timer to allow 
for easier implementation. The desired delay is pro- 
grammed into the DATA/DELAY register before issuing 
the DRIVE SELECT "3" command. 



CLOCK 

DIVISOR 

BIT 


DENSITY BIT 

MODE 

REGISTER 

BIT 4 


TIME IN SECONDS PER 
DELAY REGISTER COUNT 


1 
1 




1 (Single) 

(Double) 

1 (Single) 
(Double) 


1 CLK Cycle * 80000 
1 CLK Cycle * 40000 
1 CLK Cycle* 40000 
1 CLK Cycle * 20000 
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-^ RAMEN 



JZ 



"TV 



32Kx8 
STATIC RAM 



ADDR DB7-0 



^ 



. DB7-0 K 



^ 



■^i 



A 



<::^ 



^ 



C- 



SECTOR INTERRUPT ACK 



SECTOR INTERRUPT 



SEN 
BUSDIR 



AB7 
AB6 
AB5 
AB4 
AB3 
AB2 
AB1 
ABO 



WAIT 

SYSDS 

nCLKIN 

INTACK 



DMACLK 
RESET 



HDCDS 
HDCR'W 



E 



HDC INTERRUPT 
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DRIVE STATUS 
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The UDC will issue a normal interrupt (with the com- 
mand termination code set to 0-0) when the RAMP UP 
or RAMP DOWN timer has expired. 

4. BACK-UP WRITE. The user will first request the UDC 
to perform a disk READ TRACK command, with the 
TRANSFER ENABLE bit in the command word reset. 

1 1 lis Will CduSe tiic \ju\j lO ifanSier Oriiy IMC lu liciu 

information to memory. 

The TAPE BACKUP command will then be issued 
causing the UDC to write this ID information to the tape 
as a tape mark (typically 96 bytes for a drive formatted 
with a 3 byte/sector ID field or 1 28 bytes for a drive for- 
matted with a four byte/sector ID field. The data fields 
should then be transferred to the tape in a similar 
manner. 

The UDC may be used with either "Streaming" or "Start/ 
Stop" type tape drives. This is illustrated by the follow- 
ing examples: 
A. START/STOP TAPE DRIVE: 
typically transfers V2 or 1 disk track at a time as illus- 
trated by the following flow chart: 



^ READ DATA FROM DISK TO MEMORY 



X 



START TAPE DRIVE 



WRITE BLOCK FROM MEMORY TO TAPE 



Z 



STOP TAPE DRIVE 



When controlling a start/stop tape drive, the UDC will 
write the data "block by block". The system will issue 
a Drive Select command to the UDC with the Tape 
Motion, Motor On and Write Enable bits set to start 
and write data to the tape. 

The UDC will interrupt the system after the comple- 
tion of the Ramp Up Delay indicating that the tape drive 
is up to speed. This interrupt is distinguished by the 
Command Termination Code of 0-0 (normal comple- 
tion of command). 

The System then outputs the Write command (for a 
long or short block) and waits for the command ter- 
mination interrupt. The UDC will write the Sync mark 
and tape mark or data block on the tape. 
When the System receives the interrupt indicating 
completion of the Write command, it will issue another 
drive select command with the Motor On and Write 
Enable bits set to stop the drive. The UDC will inter- 
rupt the system after completion of the Ramp Down 
Delay indicating that the tape has stopped moving. 
The UDC will turn the Write Gate signal on when it is 
writing data and off when it is not, without regard to 
the tape motion. The Write Gate signal is used to gen- 
erate "gaps" on the tape between the data blocks. This 
is done by externally forcing the two Data outputs with 
the Write Gate signal such that the Data + signal is 
high and the Data - signal is low when the UDC is 
not writing data to the tape (Write Gate is off): 



3 

l GATE: 



I 



DRIVE STOPPED 



GAP TAPE MARK AND/OR DATA BLOCK GAP 



I 



DRIVE STOPPED 



TAPE SPEED: 

STOPPED 








y 


TAPE AT SPEED 
RAMP UP DELAY 


\^ STOPPED 




— RAMP DOWN DELAY 






DRIVE SEL 

1 . tape motion off 

2. write enable off 
(write or read) 


1 . tape motion on 

2. write enable on 
(write) or off 
(read) 


1. read or write 

2. long or short block 



B. STREAMING TAPE DRIVE: 

typically transfers 1 sector at a time as illustrated 
by the foiiowing flow chart: 



START TAPE DRIVE 



READ DATA FROM DISK TO MEMORY 



WRITE BLOCK FROM MEMORY TO TAPE 

* 



STOP TAPE DRIVE 



Control of a streaming tape drive is similar to that of a 
start/stop drive. The tape is started at the beginning 
of the data transfer and stopped after the last block is 
written to the tape. The tape is not stopped in between 
blocks. The UDC will however turn the Write Gate sig- 
nal on when it is writing data and off when it is not so 
that gaps will be written (with external hardware) on 
the tape between the data blocks. 

5. BACK-UP READ. The data is read from the tape (in 
either start/stop or streamer mode) and buffered in 
memory. The disk track is then reconstructed from 
the data. 

The start/stop drive typically has a track (or half a track) 
of disk data stored as a block. It is therefore expedient 
to read in the data "block by block". When reading data 
from a streamer drive use can be made of the SECTOR 
COUNT register and a track's worth of data blocks may 
be read from the tape before generating the track on 
the disk. 

Tape motion control is similar to that described above 
except that the Write Enable Bit is off to inhibit writing to 
the tape. The UDC reads the tape until it detects a sync 
mark. After detecting a sync mark the UDC will transfer 
the data found on the tape to memory. 

6. The search count is used when reading the tape. It 
specifies a maximum number of blocks of 1 28 bytes 

wc;iyvc/Oii aujcluoiit uciiia i^iwurxo. it lmC OCaiuii uwuiii 

expires before sync is detected, the command is 
terminated. 

For example, if a search count of two is specified by 
loading the Desired Sector register with FD (hex), the 
UDC will search for 256 byte times before terminating 
the command. This will prevent the UDC from acciden- 
tally skipping a block. The search count is typically about 
the size of one block length. In the following figure, TM1 
and TM2 are two tape marks and DB1 , DB2, DBS etc. 
are their associated Data Blocks: 

TM1 DB1 DB2 DB3 DB4 TM2 DB1 

I 1 I 1 I 1 I 1 1 1 I 1 I 1 
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7. 1 6 BYTE DELAY. Provision is made to shift tiie RDGATE 
pulse in tlie event that it coincides with the data block 
sync mark. If a tape cannot be read (sync is never 
detected) the tape can be re-read with the 1 6 byte delay 
enabled. 



ROGATE without delay: 



RDGATE with delay: 



L 



miss sync ma* detect 



E 



TStyts^eTay 



8. The DRIVE STATUS bits may be us ed by the tape drive 
if they are enabled (on the drive) by DRIVE SELECT 3. 
The ready change interrupt is especially handy for 
detecting start of tape (SOT) and end of tape (EOT) as 
a UDC command can be terminated by a change in state 
of the READY input. 

9. The DATA FORMAT is as follows: 

I PRE TMSYNC TAPE MARK POST GAP PRE "PBSYNC DATA BLOCK POST GAP | 

The Tape Mark sync mark (TMSYNC) is composed of 

three bytes of A1 (Hex) followed by one byte of FE (Hex). 

The Data Block sync mark (DBSYNC) is composed of 

three bytes of A1 (Hex) followed by one byte of FB (Hex). 

A1 (Hex) is encoded with the standard missing clock 

pattern. 

The sync mark is proceeded by a "preamble" consist- 



ing of bytes of 00 as per figure 2 of the UDC spec (this 
is required to synchronize the data separator when 
reading the tape). The Tape Mark and Data Block 
(including CRC or ECC bytes) are followed by a "post- 
amble" consisting of one byte of 00. 
Note that the postamble is not included in the Floppy 
Disk formats. The GAP sizes are dependent on the type 
of drive (start/stop or streamer) and the specific 
mechanical tape drive specifications. 

1 0. Use can be made of the Sector Count register when 
doing a "file" (versus a "mirror image") backup on a 
start/stop tape drive. Instead of transferring the entire 
tKSktrack to thetapeinonetengtiock, tiiedatais moved 
file by file. 

If, for example, it is desired to back up a file consisting 
of five 256 byte long Hard Disk sectors, a 2048 byte long 
Data Block would have to be used for an image backup 
(the Data Block size is specified as 2" * 128 restricting 
blocks to 128, 256, 512 etc.). This would result in a lot 
of wasted space on the tape. 
If file backup is used and the Sector Count is set to five, 
256- byte long Data Blocks can be used.' Gaps will be 
generated on the tape corresponding to the time 
required to get the data from the disk drive (correspond- 
ing to DMA delays and the disk interleave factor). 
The tape will not be stopped until the entire file is trans- 
ferred. When using sector count, the UDC internal pro- 
gramming will create inter-block gaps of about 30 to 32 
bytes on the tape in both single (FM) and double (MFM) 
density modes. 



SYSTEM CONFIGURATION NOTES 



A simplified UDC schematic is shown in Schematic 1 . The 
following notes may be helpful in implementation of the UDC. 

1 . In systems using a private memory area, it is important 
to know when the buffer needs servicing from the host 
processor. A second interrupt signal (INT2) signals the 
processor that servicin g is need ed. INT2 is genera ted by 
exter nally A NDING the ECCTM signal with STB1 signal. 
(The STB1 signal is active when the UD C is o utputing 
the DMA address data, and occurs when STB is active 
(low), SO is active (high) and SI is inactive (low)). 

This "interrupt" occurs only when the UDC needs the 
system processor to either read from or write to the buffer 
memory. When reading from the disk, the system pro- 
cessor should empty the memory buffer each time this 
signal becomes active. (If an ECC error is detected, and 
error correction is enabled, this signal will not become 
active until the UDC has attempted to correct the error.) 
When writing data to the disk, the system processor must 
fill the buffer each time this signal becomes active. 

2. The DIP (DMA in Progress) signal is used to isolate the 
buffer memory from the main system memory. If 74LS244 
and 74LS245 address buffers are used in the memory 
addressing circuits, then this signal should be used to 
enable or disable the address buffers, as required. This 
eliminates the possibility of memory contention problems. 

3. Write precompensation (for floppy disks) is handled 
internally by the UDC. For hard disks, the LATE and 
EARLY signals are connected to a multiplexer which, in 
turn is connected to a 24 ns delay line. The EARLY and 
LATE signals will toggle in response to the data pattern 
being written. This will allow the data being written to the 
shifted ± 1 2 ns from the nominal 1 2 ns delay specified 
by hard disk manufacturers. 

4. The interface to the hard disk drive data inputs and out- 
puts requires RS-422 data tranceivers. Other disk drive 



interface circuits (including floppy disk data inputs and 
outputs) may be 74LS series devices. 

5. Since the UDC uses its Aux Bus for multiple functions, 
the system designer must be able to determine which 
function is occuring on the Aux Bus at any given time. 
The SO and-SI signals, when combined with STB signal 
are deco ded (using a 74LS1 38 or equivalent) to provide 
STBO-3 signals. 

These generated signals and their respective functions 
are: 



STBO 



Drive Status Input Time Slot 
STB1 External DMA Address Counters Time Slot 
STB2 Output 1 Time Slot 
STB3 Output 2 Time Slot 

6. The clocks required by the UDC are not TTL-level com- 
patible. Pullup resistors (typically 390 ohms) should be 
used with Schottky drivers to insure that the clock signals 
reach the proper Input (high) level, with acceptable rise 
and fall times. 

7. The UDC features a built-in DMA controller that requires 
connection to external counters. These counters are 
configured so that they are incremented after each byte 
is transferred. (The UDC's internal DMA circuits transfer 
the starting memory address for each read or write oper- 
ation.) 74LS1 61 Counters are typically used in this area. 

8. The DMACLK input should be tied to the master system 
clock, through a bus buffer. It is important to remember 
that three DMACLK periods are required for each DMA 
transfer. 

9. The system design may be simplified, and costs reduced, 
by using the FDC 921 6B Floppy Disk Data Separator, to 
separate raw data from the floppy disk drive into RDATA 
and RCLK. 
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ERROR CHECKING AND CORRECTION CIRCUIT (ECC) 
OPERATING PRINCIPLES 

The UDC will automatically detect and correct errors in the 
data read from the disl<. Error checking may be done using 
industry standard ORG or ECC encoding. Error correction 
may be done using either internal or external ECC encod- 
ing. This section will explain ECC operation, as imple- 
mented on tne Uuu. 

The UDC contains two 16-bit registers used by the CRC/ 
ECC circuits. CRC logic uses only one of these registers, 
while the logic for ECC uses both registers, implementing 
a full 32-bit algorithm. 

These registers may be preset to either one or zero, using 
the CRC PRESET bit In the iNTERRUPT/COMiViAND 
TERMINATION register. (This allows compatibility with 
existing disk controllers and external ECC chips.) Both ECC 
and CRC are calculated beginning with the sync mark of 
the address (CRC) or data (ECC) field. 

CRC/ECC GENERATION 

The UDC uses the following industry standard polynomials 
in computing the CRC and ECC check bytes: 

CRC: xi«+xi2+x5+1 

ECC: x32 +x23 +x^' +xii +x2 +1 
As the UDC writes data to the disk drive, it first passes this 
data thru the CRC (and, if enabled, ECC) registers. After all 
data has been written, the remaining two (CRC) or four 
(ECC) bytes remaining in these registers are written to the 
appropriate address or data field. 

CRC/ECC CHECKING 

When CRC or ECC checking is initiated, the internal CRC/ 
ECC registers are set to either zero or one, as required by 
the CRC PRESET bit in the INTERRUPT/COMMAND 
TERMINATION REGISTER. Data read from the disk is 
simultaneously shifted thru the CRC/ECC registers, and 
transferred to external memory. 

After the CRC or ECC check bytes have been shifted thru 
the CRC/ECC registers, the remainder in these registers 
should be zero, else an error has occurred in the address 
or data block. 

If CRC or ECC (without correction) is enabled, automatic 
retry (if enabled) or command termination will occur. If inter- 
nal ECC with automatic correction is enabled, the correc- 
tion algorithm will be executed. If the internal ECC algorithm 
is unable to correct the error (in one attempt), then auto- 
matic retry (if enabled) or command termination will occur. 
ECC CORRECTION 

Error Correction consists of three distinct parts: 
1 . The CRC/ECC registers are normalized by shifting zeros 
thru the register. This sets up a data block which is 42,987 
bits long, which corresponds to the "natural message 
length" of the generation polynomial. The actual number 
of zeros shifted through the registers depends on the dif- 
ference between the natural message length of the gen- 
erator polynomial and the actual length of the data block 



being checked. The longest data block that can be cor- 
rected (using the internal ECC algorithm) is 4K bytes. 

2. The data input to the CRC/ECC registers is then dis- 
abled and the DMA counters are re-initialized to the 
starting address for this data block. The contents of the 
CRC/ECC registers are then "ring-shifted" until 21 con- 
secutive 2firns am dPtertaH Thp romaininn hitc in tho 

CRC/ECC registers compose the error syndrome. As the 
CRC/ECC registers are shifted, the UDC generates DS 
signals, causing the external DMA counters to be incre- 
mented. When the 21 consecutive zeros are detected, 
the DMA counters are pointing to the corrupt data. 
If the error syndrome is not found within the data block 
the error is judged to be uncorrectable and the correction 
algorithm is terminated. (The data block is the length of 
the data field in the sector and the 4 ECC bytes. A format 
with a sector size of 256 bytes would have a data block 
size of 260 bytes.) 

3. When theerror syndrome is detected, the UDC will ena- 
ble its ECCTM output, read the next byte from memory, 
exclusive-or it with th e first byt e of the three byte error 
syndrome, disable the ECCTM output and write the cor- 
rected byte back to memory The correction process is 
then repeated for the next two bytes in memory 
When us ing internal ECC (with correction enabled), the 
ECCTM output is used by the external DMA counters to 
inhibit the counters from incrementing their addresses 
when correct ing the er roneous bytes. When using exter- 
nal ECC, the ECCTM output goes active (low) when the 
UDC is requesting the ECC Check Bytes from the exter- 
nal ECC chip prior to writing them to the disk. 

After a correction is completed, the UDC will then attempt 
to read the next sector on the disk (if the SECTOR 
COUNT register is still greater than zero). Anytime ECC 
correction has been attempted, (even if unsuccessful), 
the CORRECTION ATTEMPTED bit in the CHIP STA- 
TUS register will be set. 

The maximum time required for one ECC Correction Cycle 
(using the internal algorithm) is: 

1 ) (Natural Message Length [Bits]> f 4 = ECC Cycle Time 

8 (in Byte times) 

2) Maximum ECC Time = ECC Cycle Time + 30 byte times 
Since the internal algorithm has a natural message length 
of 42,987 bits the ECC Cycle time is 5,377 byte times. Since 
a period of about 30 byte times must be allowed for the read- 
modify-write operations, the Maximum ECC Time equals 
5,407 byte times. 

One byte time equals the amount of time required to read 
one byte for the type of drive selected. For Hard Disks, this 
is about 1 microsecond. This equates to approximately 1 
revolution (maximum) for either 8" floppy disk (running in 
double density) or 5.25" hard disk. 

During the entire operation, the RDGATE signal is kept 

artiv/p 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range to + 70 C 

Storage Temperature Range - 55 C to + 1 50 C 

Lead Temperature (soldering, 1 sec.) + 325 C 

Positive Voltage on any Pin, with respect to ground +8V 

Negative Voltage on any Pin, with respect to ground - 0.3 V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute Maxi- 
mum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or "glitches" 
on their outputs when the AC power is switched off. In addition, voltage transients on the AC power line may appear 
on the DC outputs If this possibility exist&it is suggested that a clamp circuit be used. 

h 



DC ELECTRICAL CHARACTERISTICS Ta = C to + 70 C, Vcc = 5.0V ± 5% 



PARAMETER 


MIN 


TYP 


MAX 


UNIT 


COMMENTS "- -■■-:■?:: 


yiACLK 


Input Voltage 
V,L Low 
V,Hi High 
V,H2 High 


2.0 
4.2 




0.8 


V 
V 
V 


all inputs except CLK and D^ 
CLK and DMACLK input 


Output Voltage 
VoLi Low 
VoL2 High 


2.4 

2.7 
2.4 




0.4 

0.5 
0.4 


V 
V 

V 
V 

V 
V 


all outputs except WDATA, 
Early and Late. (Drive 1 
TTL load into 50 pf) 


loLi = 1.6 mA 
loHi =40jjlA 


VoL2 Low 
VoH2 High 

VoL3 Low 
VoH3 High 


WDATA, EARLY and LATE 
outputs. (Will drive 1 
Schottkyloadinto15pf.) 
DMAR and INT 
DMAR and INT 


loL2 = 2mA 

loH2 = 50jjlA 
loL3 = 0.4 mA 
loH3 = 20[xA 


Input Leakage Current 

II 

Ilc (Clock) 






±10 
-600 


uA 


0.4V to 3.5V 
OV 


Input Capacitance 






25 


pf 




Power Supply Current 
Ice 






200 


ma 





AC ELECTRICAL CHARACTERISTICS Ta = C to + 70 C, Vcc = 


= 5.0V ±5% 






PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


PROCESSOR WRITE CYCLE 














C/D, R/W, CS Setup time to DSj 


Tdsb 


110 






ns 


FIGURE 3 


C/D, R/W, CS Hold time to DSj 


Tdsa 









ns 




DS Pulse Width 


Tdsl 


150 






ns 




DS Pulse Hiqh Time 


Tdsh 


700 






ns 




Data Bus In Setup time to DSf 


Tdib 


100 






ns 




Data Bus In Hold time to DSf 


Tdia 









ns 




PROCESSOR READ CYCLE 














Data Access time from DS| 


Tdob 


75 






ns 


FIGURE 3 


Data Hold time from DSj 


Tdoa 


10 






ns 




UDC TO MEMORY TIMING 














(BUS MASTER) 














(based on 5 MHz DMACLK Input) 














Write Setup time to DS„ 


TwB 


110 






ns 


FIGURE 4 


Write Data Strobe Widt i 




180 






ns 




Write Hold time from DSt 


TwA 


110 






ns 




Data Strobe Falling Edge 


Tdsf 






10 


ns 




Data Strobe Rising Edge 


Tdsr 






10 


ns 




Write Data Valid after DSf 


TwDB 






90 


ns 




Write Data Hold time after DSj 


' WDA 


150 






ns 




Memory Access Time 


Tw 




200 




ns 
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PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


Read Setup time to DSl 
Read Hold time after DS' 
Read Data Strobe Pulse Width 


Trb 
Tra 


110 
110 






ns 
ns 


FIGURE 4 


1 RDS 


180 






ns 




Read Data Setup time to DSt 
Read Data Hold time from Bst 


1 RQB 


50 






ns 




"■".-OA 









r»*» 




DMACLKt to DSl 
DMACLKftoDS" 


' DDD 






100 


ns 




Tdda 


100 






ns 




SO, S1. AND STB TIMING 














STB Width 

SO, SI Hold time after STBf 


'SW 
'SD 


800 
100 






ns 
ns 


FIGURE? 


Data In Setup time to STBt 
Data In Hold time after STBt 


1 QI5 


700 






ns 




1 Ql^ 









ns 




SO, SI Setup time to STBl 
Aux Bus Setup time to $TBi, 


' SST 


100 






ns 




T 
' SST 


100 






ns 




Aux Bus Hold Time after STBt 


T 

'SST 






100 


ns 




INPUT CLOCK TIMING (10 MHz Input) 














Clock Rise Time 


Trt 






10 


ns 


FIGURE 2 


Clock Fall Time 


Trf 






10 


ns 




Clock Cycle High Time 


' CH 


40 






ns 




Clock Cycle Low Time 


TcL 


40 






ns 




Clock Cycle Time 


'CYC 




100 




ns 


±5ns 


PRECOMPENSATION TIMING 














Early, Late Setup time 












FIGURE 9 


(Before WDATAf) 


' WB 


6 






ns 




Early, Late Hold Time 














(after WDATAi) 


' WA 


50 






ns 




FLOPPY INPUT DATA TIMING 














Window Setup time to RDCLK 


' FRB 


50 






ns 


FIGURE 10 


Window Hold time from RDDATAj 


TpRA 


50 






ns 




HARD DISK INPUT DATA TIMING 














Data Setup time to RDCLK 1 


Thrb 


60 






ns 


FIGURE 10 


Data Hold time after RDCLK 1 


1 l-fpA 


10 






ns 




Clock Setup time to RDCLKt 
Clock Hold time from RCLKf 


1 HOB 


60 






ns 




' HCA 


10 






ns 




ECCTM TIMING 


'EDS 

'EDH 


50 




100 


ns 




ECCTM Setup to DS 1 
ECCTM Hold after 0§t 


FIGURE 10 
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AB0-7 C 



•REQUIRED 
FOR STANDARD 
UDC/HARD DISK 

INTERFACE 




TAPE MOTION CTL 



WRITE ENABLE 



y-*^ TRACK # 



DRSEL3' 



WGATE- 



— rv^V 

LS00 Jo— — — 1 9 



LS04 



HD~Q 



WD 



+ 5V- 



rh 



LS74 



f=l 



Bs E 
A Y 
LS157 



Y 



DATA + 



DATA 



SCHEMATIC 2: UDC/TAPE DRIVE INTERFACE CIRCUIT 
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i> 



74S04 

or 

equivalent 



TO CLK INPUT 
or DM AC LK 

INPUT 



RECOMMENDED CLK DRIVER CIRCUIT 

FIGURE 1 : RECOMMENDED CLK/DMACLK INPUT 



—1 



■Tc„-». 



\ 



y 



V 



FIGURE 2: INPUT CLOCK TIMING (10MHz) 



■^^ 



DB7-0 
(WRITES) 



DB7-0 
(READS) 



X 



-lb 



-^^ 



I 



-lb 



-lb 



X VALID V 



To,. 



PROCESSOR WRITE CYCLE 



A r 



X 



^c^ 7^ 



C VALID \. 



PROCESSOR READ CYCLE 



FIGURE 3: SYSTEM PROCESSOR TO UDC TIMING 



P- 



-^ 



X 



DATA VALID (WRITE TO MEM) 



X 



\ ' DATA VALID > / 
V (READ FROM / 
/' , MEMORY) J \ 



FIGURE 4: UDC TO MEMORY TIMING (BUS MASTER) 
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BYTE 
READY 



DB7-0 




TRISTATE y 



* 7\ TRISTATE 



h 



< 



xz —&■ 



MAX BYTE RATE 



1 .6|J,S H 



UDC DMA MEMORY TIMING FOR HARD DISK 
(BURST MODE) 



FIGURE 5: UDC DMA MEMORY TIMING FOR HARD DISK (BURST MODE) 



DMACLK 



ACK 

R/W 



DB7-0 
(OUT) 



DB7-0 
(IN) 



TRISTATE 




-( DATA IN y— 



UDC DMA TIMING FOR 
FLOPPY DISK (1 BYTE AT A TIME) 



FIGURE 6: UDC DMA TIMING FOR FLOPPY DISK (1 BYTE AT A TIME) 
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SI, so 



STB 



XZIX^tl^i 



'^^' 



AB7-0 



SI « 

)( 



DATA 
VALID 
OUT 



/ I 



100ns 



*— ^ Ts 



^ .^ 






FIGURE 7: SO, SI, STB TIMING 



BIT 



CLK 



7 6 5 4 3 2 10 7 



5 4 3 2 1 



WDATA 



rLJiJinLnjiJTji^i_rLJui^iu^^ 
_n n n n__rLJTj~ijn_rLJTj~Li^_ 



MISSING CLOCK 



10 100*00111111 1 10 
« > ADDRESS MARK mXm DATA "FE" 



FIGURE 8: UDC DATA WRITE TIMING 



WDATA 



EARLY, 
LATE 



y 






V 



DRIVE TYPE 


T(typ) 


T„„(typ) 


HARD DISK 


200 NS 


100NS 


8" MFM FLOPPY 


2|xs 


300 NS 


8" FM FLOPPY 


— 


300 NS 


5V4" MFM FLOPPY 


4|Jis 


300 NS 


5V4" FM FLOPPY 


— 


300 NS 



FIGURE 9: PRECOMPENSATION TIMING 
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DATA 
BIT 



MFM 
READ DATA 



1|0|1|0|0|0|0|1|1|1|1|1|1|1|1|0|0|1 

i ADDRESS MARK *A 



1 r 



J~ 



PMOLocK jTJ~LriJijnjTiijnjnjnjnJTjnjiJxn_n_r 
™ ~u — u — u — u ixiri-n_ri_rLrLrij unr 



DS 



INTERNAL 10 10 1 

COMPARE 

10 10 



• A1,0A COMPARE- 



ECCTM 



V 



\ 


/ 


T 


T=r.e 


■« — » 
/ 






/ 









RDCLK 



)C3Z3: 



UJ L 



i 




CLOCK V DATA j/cLOCK^^ DATA 



FLUX 
REVERSAL 



FLOPPY INPUT DATA TIMING 
(HARD DISK BIT = 0) 



HARD DISK INPUT DATA TIMING 
(HARD DISK BIT = 1) 



FIGURE 10 



^Jl 



■ REPEATED N TIMES ' 



_n_ 



I- INDEX AM ^ ID AM t_ DATA AM i 



FLOPPY DISK FORMAT; SINGLE DENSITY 



GAP 3 I GAP 4 

27-FF I 247xFF NOMINAL 



. ECCTM 
• 2 bytes 



EX_JL 



- REPEATED N TIMES- 



|sYN^|3XC2|Fc|fAM|sYNc|3,^JFJTK|siDEU 3xA1 I or 256da.aby.es CRC1 CRcJ|AP3 GAP^4 

I I . I I 1 1 . I I I 1 I I I I 1 ' i ' ' ' ' 

I — INDEX AM L_ ID AM L_ DATA AM I 

FLOPPY DISK FORMAT; DOUBLE DENSITY 



JL 



ECCTM 
2 bytes 



.ExJL 



. REPEATED N TIMES. 



JL 



I n^ I A1 I FE IcVlI Nd|sEc|cRCi| CRC2| || |f3VNc| A, | FB 

t— IDAM *-°*T' 



512da.aby.es 



HARD DISK FORMAT 



- ECCTM 
• 2 bytes 



FIGURE 11: DISK FORMATS 
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FOR , 

■« FLOPPY 1 

n ONLY I 

|Go|sYNCpDEXJ 31 Jsync] ID | G2 | SYNC I DATA | G3 | SYNC | ID I G2 I SYNC I DATA I G3 I SYNC I ID I Q2 I SYNC I DATA I G3 I SYNcI IdI GbIsYNcIdATaI G3 I G4 I 



R 




I 256 bytes I 



LOOKING FOR- 
(SINGLE DENSITY) . 



AM AM FOUND 1 AM FOUND 1 
FE j FB U 



AM NOT FOUND 



4 



u u 

1 AM FOUNdI I , 



AM FOUNDS AM NOT FOUND AM FOUND | | AM FOUND 

4— FE -^ — I FB- 



(DOUBLE DENSITY) . 
(HARD DISK) 



. A1FE. 

■A1FE- 



■ A1FB A1FE. 



I A1F8 1 — AlFE. 



-|— A1FB I A1FE^ 1_ A1FB_|— A1FE- 

_j_ A1FB [. A1FE 1- A1F8-4_ AlFE- 



FIGURE 12A: RDGATE DURING DISK READ 



INDEX ll 






n 


|go|sYNc|"^^^'*|gi|syNc|idJg2JsyNc| DATa|g3[sYNc||d|q2JsYNc[dATa|g3|sYNc||d| G2 | SYNC | DATA |g3 
j RDG3— H U_-»*- 16 Bytes 


SYNC 1 ID 1 G2 1 SYNC 1 DATaI G3 1 


G4 


1 


RDGATE 1 

AM FOUND ^ ' J 
WRG2iL 
WRQATE 1 1 


1 1 ^ [*- 6By.es 1 


1 




_^ l^_ 1 AM NOT FOUND 1 AM FOUND 


1 AM FOUND 

1 1 


WDGSJI j 1^ 

FIGURE 12B: RDGATE AND WRITE GATE ' 




riMING 















STANDARD FORMAT PARAMETERS 




PARAMh 1 bR 


HARD DISK 


SINGLE DEN. FLOPPY 


DOUBLE DEN. FLOPPY 


GAP0* 





40 


80 


GAP1* 


16 


26 


50 




GAP 2* 


3 


11 


22 




GAPS* 


18 


27 


54 


SYNC SIZE * 


13 


6 


12 


SECTOR COUNT* 


user selectable 


user selectable 


user selectable 


SECT SIZE MULT* 


user selectable 


user selectable 


user selectable 


RDG1 


16 


73 


NA 


RDG2 


6 


13 


24 


RDG3 


25 


27 


24 


WDG2 


5 


11 


23 


WDG3 


3 


11 


3 


* = PARAMETER USED BY FORMAT COMMAND 






TABLE 1: STANDARD FORMAT PARAMETERS 
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REGISTER BIT DEFINITIONS 



DMA 7-0 
(REGISTER 0) 



7 


6 


5 


4 3 


2 


1 


(MSB) 






LOW ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 




(LSB) 



DMA 15-8 
(REGISTER 1) 



(MSB) 



MIDDLE ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 



(LSB) 



DMA 23-16 
(REGISTER 2) 



(MSB) 



HIGH ORDER BYTE OF DMA BUFFER 
MEMORY STARTING ADDRESS 



(LSB) 



: 



DESIRED SECTOR 
(REGISTER 3) 



(MSB) 



DESIRED SECTOR NUMBER 



(LSB) 



DESIRED HEAD 
(REGISTER 4) 



ALWAYS 



(MSB) 



HIGH ORDER BITS OF 
DESIRED CYLINDER 



DESIRED HEAD NUMBER 



(MSB) 



(LSB) 



DESIRED CYLINDER 
(REGISTER 5) 



(MSB) 



LOW ORDER BITS OF DESIRED CYLINDER 



(LSB) 



SECTOR COUNT 
(REGISTER 6) 



(MSB) 



NUMBER OF SECTORS TO BE OPERATED ON BY COMMAND 



(LSB) 



RETRY COUNT 
(REGISTER 7) 



RETRY COUNT (1'S COMPLEMENT) 



PROGRAMMABLE OUTPUTS 



MODE 
(REGISTER 8) 



HARD 
DISK 



CRC/ECC 



ENABLE 



SINGLE 
DENSITY 



ALWAYS 



STEP 



RATE 



SELECT 



INTERRUPT/ 

COMMAND TERM. 

(REGISTER 9) 



CRC PRESET 

1=Setto1 
O = Setto0 


ALWAYS 



INTERRUPT 
ON 
DONE 


FLAG 

DELETED 

DATA 

MARK 


USER 

DEFINED 

FLAG 


FLAG 

WRITE 

PROTECT 


FLAG 
READY 
CHANGE 


FLAG 
WRITE 
FAULT 



DATA/DELAY 
(REGISTER A) 



(MSB) 



HEAD LOAD DELAY MULTIPLE IS LOADED INTO THIS REGISTER 
DATA IS LOADED TO OR READ FROM THIS REGISTER 



(LSB) 



CURRENT HEAD 
(READ REGISTER 4) 



BAD 

SECTOR 

FLAG 


HIGH ORDER BITS OF 
CURRENT CYLINDER 
(MSB) 


CURRENT HEAD NUMBER 
(MSB) (LSB) 



CURRENT CYLINDER 
(READ REGISTER 5) 



(MSB) 



LOW ORDER BITS OF CURRENT CYLINDER NUMBER 



(LSB) 



CHIP STATUS 
(READ REGISTER 8) 



RETRY 
REOUIRED 



ECC 
CORRECTION 
ATTEMPTED 



CRC/ECC 
ERROR 



DELETED 

DATA 

MARK READ 



SYNC 
ERROR 



COMPARE 
ERROR 



PRESENT DRIVE SELECTED 



DRIVE STATUS 
(READ REGISTER 9) 



ECC 
ERROR 


INDEX 


SEEK 
COMPLETE 


TRACK 
00 


USER 
DEFINED 
ACTIVE 


WRITE 

PROTECT 

ACTIVE 


DRIVE 
READY 


WRITE 
FAULT 



INTERRUPT 

STATUS 

(COMMAND READ) 



INTERRUPT 
PENDING 



DMA 
REQUEST 



DONE 



COMMAND TERMINATION 
CODE 



READY 
CHANGE 



OVERRUN/ 
UNDERRUN 



BAD 
SECTOR 



TABLE 2: REGISTER BIT MAPS 
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REGISTER 

DMA 7-0 
(REGISTER 0) 



DMA 15-8 
(REGISTER 1) 



DB7 



(MSB) 



(MSB) 



UDC WRITE REGISTERS (APPLIES DURING TAPE BACKUP ONLY) 

DB6 DBS DB4 DBS DB2 



DMA BEGINNING ADDRESS BUTE (LOW ORDER BITS) 



DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) 



DB1 



DBO 



(LSB) 



(LSB) 



DMA 23-16 
(REGISTER 2) 



DESIRED 

SECTOR 

(REGISTER 3) 



DESIRED 

HEAD 

(REGISTER 4) 



DESIRED 

CYLINDER 

(REGISTER 5) 



SECTOR COUNT 
(REGISTER 6) 



RETRY COUNT 
(REGISTER 7) 



MODE 
(REGISTER 8) 



iNTERRUf>T/ 

COMMAND 

TERMINATOR 

(REGISTER 9) 



(MSB) 



(MSB) 



ALWAYS 

■•0" 
FOR TAPE 



DMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) 



MAXIMUM SEARCH COUNT (IN 1'S COMPLEMENT) (1) 



TRK# 
BITS 



TRK# 
BIT 2 



TRK# 
BIT1 



ECC TYPE 



ALWAYS 

1 



DATA BLOCK SIZE 



TAPE MARK BLOCK SIZE 

(IN 2'S COMPLEMENT +1) 

(MODULO 256) (2) 



OR 



DATA BLOCK COUNT 

(IN 1'S COMPLEMENT) 

(3) 



USER DEFINED OUTPUTS 



CRC/ECC 
ENABLE 
CODE 



SINGLE/ 
DOUBLE 
DENSITY 



ALWAYS 



SYNC 
DELAY 
ENABLE 



WRITE 
ENABLE 



(LSB) 



(LSB) 



TRK# 
BITO 



NOTES: (1) The maximum search count is composed of: 

130 byte inner loop (RDGATE high 128, 2 byte times) 

times the number programmed (maximum of 33,150 byte times 

(3) Data blocl< operation 

TABLE 3: TAPE BACKUP REGISTER BIT MAPS 



TAPE 

MARK 

ENABLE 



CRC 

PRESET 


ALWAYS 




INTERRUPT 

ON 

DONE 


ALWAYS 

1 


USER 
DEFINED 


FLAG 

WRITE 

PROTECT 




FLAG 

READY 

CHANGE 


FLAG 
WRITE 
FAULT 

1 
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REGISTER 

DMA 7-0 
(REGISTER 0) 



DB7 



(MSB) 



UDC READ REGISTERS (APPLIES TAPE BACKtIP ONLY) 

DB6 DBS DB4 DBS DB2 



DMA BEGINNING ADDRESS BYTE (LOW ORDER BITS) 



DB1 



DBO 



(LSB) 



DMA 15-8 
(REGISTER 1) 



(MSB) 



DMA BEGINNING ADDRESS BYTE (MIDDLE ORDER BITS) 



(LSB) 



DMA 23-16 
(REGISTER 2) 



(MSB) 



DMA BEGINNING ADDRESS BYTE (HIGH ORDER BITS) 



(LSB) 



DESIRED 

SECTOR 

(REGISTER 3) 



(MSB) 



MAXIMUM SEARCH COUNT (IN 1'S COMPLEMENT) 



(LSB) 



CURRENT 

HEAD 

(REGISTER 4) 



X 


X 


X 


X 


X 


X 


X 


X 



CURRENT 

CYLINDER 

(REGISTER 5) 



X 


X 


X 


X 


X 


X 


X 


X 



CHIP 

STATUS 

(REGISTER 8) 



ECC 
CORRECTION 
ATTEMPTED 



CRC/ECC 
ERROR 



PRESENT 

DRIVE 
SELECTED 



DRIVE 

STATUS 

(REGISTER 9) 



USER 
DEFINED 



USER 
DEFINED 



SEEK 
COMP 



USER 
DEFINED 



USER 
DEFINED 



WRITE 
PROTECT 



READY 



WRITE 
FAULT 



DATA 
(REGISTER A) 



READ DATA 



INTERRUPT 

STATUS 

(COMMAND READ) 



INT 
PENDING 



DMA 
REG 



DONE 



NOTES: (1 ) Command termination bits set to: 
1 1 for data transfer error 
1 for sync error 
00 for successful termination 
X Don't care 



COMMAND 

TERMINATION 

C0DE(1) 



READY 
CHANGE 



TABLE 4: TAPE BACKUP REGISTER BIT MAPS 



OVER/ 

UNDER 

RUN 
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COMMAND BIT DEFINITIONS 



RESET 



DESELECT 
DRIVES 



RESTORE 
DRIVE 



1 = Buffered 
Seek 

= Normal 
Seek 



STEP IN 
1 CYLINDER 


















1 





1 = Buffered 

Seek 
= Normal 

o6©K 



STEP OUT 
1 CYLINDER 


















1 


1 


1 = Buffered 
Seek 

= Normal 
Seek 



POLL 
DRIVES 



1 = Poll Drive 3 
= Don't Poll 



1 = Poll Drive 2 
= Don't Poll 



1 = Poll Drive 1 
= Don't Poll 



1 = Poll Drive C 
= Don't Poll 



SELECT 
DRIVE 









1 


1 = Head Load 

Delay Enabled 

= Delay 

Disabled 


TYPE OF DRIVE 


DRIVE UNIT SELECTED 



SET REGISTER 
POINTER 



REGISTER 



NUMBER 



SEEK/READ ID 






1 





1 





Step 
Enable 


Wait 

For 

Complete 


Verify 
ID 



READ SECTORS 
PHYSICAL 






1 





1 


1 








Enable 
Transfer 



READ 
TRACK 






1 





1 


1 





1 


1 = Transfer All 
= Transfer ID 



READ SECTORS 
LOGICAL 



1 = Bad Sector 
Bypass 

= Bad 
Sector 
Terminate 



Enable 
Transfer 



FORMAT 
TRACK 



Write 

Deleted 

Data 



Write With 
Reduced 
Current 



PRECOMPENSATION 
VALUE 



WRITE SECTORS 
PHYSICAL 



1 = Bad Sector 
^ Bypass 

= Bad Sector 
Termination 





Write 

Deleted 

Data 


Write With 
Reduced 
Current 


PRECOMPENSATION 
VALUE 



WRITE SECTORS 
LOGICAL 



1 


1 = Bad 
Sector 
Bypass 

= Bad 
Sector 

Terminate 


1 


Write 

Deleted 

Data 


Write With 
Reduced 
Current 


PRECOMPENSATION 
VALUE 



TAPE 
BACKUP 















1 


WRITE; 


PRECOMPENSATION VALUE 


READ: 


1 1 Transfer Enable 



TABLE 5: COMMAND WORD BIT MAPS 
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SECTOR SIZE FIELD BITS 



DB2 


DB1 


DBO 


IBM FD FORMAT 


HD FORMAT 











128 bytes/sector 


128 bytes/sector 








1 


256 bytes/sector 


256 bytes/sector 





1 





512 bytes/sector 


512 bytes/sector 





1 


1 


1024 bytes/sector 


1024 bytes/sector 


1 








not used 


2048 bytes/sector 


1 





1 


not used 


4096 bytes/sector 


1 


1 





not used 


8192 bytes/sector 


1 


1 


1 


not used 


16,384 bytes/sector 



FORMAT ECC TYPE FIELD 



DB7 DB6 DB5 DB4 HD FORMAT 



4 ECC bytes generated/checked 
1111 5 ECC bytes generated/checked (1) 
1110 6 ECC bytes generated/checked (1 ) 
110 1 7 ECC bytes generated/checked (1) 
note 1 : WITH EXTERNAL ECC 



IBM FLOPPY DISK FORMAT: 



ID FIELD DB7 DB6 DB5 DB4 DBS DB2 DB1 DBO 



CYLINDER track number 

HEAD side number 

SECTOR sector number sector size 

SECTOR SIZE (2 bits) 



HARD DISK FORMAT: ST506 PC FORMAT (512 BYTES) 



ID FIELD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO 



CYLINDER cylinder number (8 LSB's) 
HEAD bad cyl#cyl#cyl#hd#hd#hd#hd# 
sectorbit10bit9 bits bits bit 2 bit1 bitO 
flag 
SECTOR sector number 



HARD DISK FORMAT: (USER SELECTABLE SECTOR SIZE) 



ID FIELD DB7 DB6 DBS DB4 DBS DB2 DB1 DBO 

CYLINDER cylinder number (8 LSB's) 

HEAD bad cyl#cyl#cyl#hd#hd#lid#hd# 

sector bit 10 bit 9 bit 8 bit S bit 2 bit 1 bit 
flag 
SECTOR sector number 

SECTOR SIZE ECC type X sector size 

(S bits) 



DISK FORMATS 
TABLE 6 



531 



For additional information, please consult the 
following: 

Technical Note 6-2 (9224 Overview) 
Technical Note 6-4 (Using the HDC 9226 HARD 

DISK DATA SEP.) 
Technical Note 6-5 (Programmer's Reference 
Manual) 

TQ/^l-lr>l^^<5l M/^+« CO /UPi/^ nnnA r\\ i:_ 

.^.,. „ ..w^. I ,wiw V \j \^, lu^w CC£.-r u>ICkyi lUOllV/ 

Procedures) 
HDC 9225 Data Sheet 
HDC 9226 Data Sheet 
HDC 9224 Programmer's Quick Reference Card 



STANDARD MIC3?0SYSTEMS t^n^'^'lnni'ri V,' "'"'"^ ^!^P P?'^'"'^r ^'^ '".^■'^■'^^^ ^^ ^ "^^^"^ °' illustrating typical semiconductor appllca- 
rvNnpvsn A-n^.. :^^^ ^ *-'Z^ tions, consequently complete information sufficient for construction purposes is not necessarily qiven The 
H information has been carefully checked and Is believed to be entirely reliable. However, no resDonsibilitv is 
— assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
„.m, devices described any license under the patent rights of SMC or others. SIvIC reserves the right to make chanaes 
at any time in order to improve design and supply the best product possible a^e^-^d^ges 
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SmNDARD MICROSYSTEMS 
CORPORATX)IM^ 



HDC 9225 

PRELIMINARY 



DISK BUFFER MANAGEMENT UNIT 

"DBMU" 



FEATURES 

D Significantly reduces chip count in hard disc systems 

D Completely compatible with the HDC 9224 Universal 
Disk Controller 

D Creates a dual-port disk buffer (up to 32K in size) using 
low cost static ram 

D Programmable sector interrupt counter allows host pro- 
cessor rapid access to data 

D On board 10 MHz oscillator simplifies clock generation 

D Allows disk interleave factor of 1 , improving system 

performance 
D Fabricated in low power CMOS; fully TTL compatible 



PIN CONFIGURATION 



LDADD- 
ECCTM - 



AB7-0- 
HDCCS- 



^ 



S 



i> 



ill 



LOAD 
& 

INC 
LOGIC 



N [j> y^ou-o 



^ 



c^ 



-SEN 
► BUSDIR 



- SYSDS 
-SYSR/W 



"(iPCLKN 
• RSHEfJ 



T MUxl— ►V 



- XTAL 1 
-XTAL2 



BLOCK DIAGRAM 









XTAL1 C 


1 48 


3V^ 


XTAL 2 C 


2 47 


3 CLOCKOUT 


ECCTM C 


3 46 


DINT 


ABOC 


4 45 


3 INTACK 


AB1 C 


5 44 


3 RESET 


AB2 n 


6 43 


11 LDADD 


AB3 Z 


7 42 a SEN 1 


ADOC 


8 41 


3 WAIT 


AD1 L 


9 40 


3 liCLKIN 


AD2E 


10 39 P OE 


AD3E 


11 38 pWE 

12 37 5 SYSR/W 


ADS C 


AD9 C 


13 36 d DIP 


AD10 C 


14 35 


P HDCDS 


AD11 C 


15 34 


p HDCCS 


AD4 n 


16 33 


PHDCR/W 


ADS C 


17 32 


p BUSDIR 


AD6 C 


18 31 


3 RAMEN 


AD7C 


19 30 P SYSDS 


AB4I: 


20 29 p STB 


AB5C 


21 28 5 DMACLK 


ABec 


22 27 P AD12 


AB7C 


23 26 pAD13 


GND C 


24 25 


PAD14 


48 Pin DIP Package 



GENERAL DESCRIPTION 

The HDC 9225 Disk Buffer Management Unit (DBMU) is a 
48 pin CMOS/LSI device which, when used with the HDC 
9224 Universal Disk Controller, significantly reduces the total 
number of chips required to build a hard and floppy disk 
controller. 

The DBMU allows low cost static rams to be used in a dual- 
ported configuration. This allows both the system proces- 
sor and the HDC 9224 Universal Disk Controller to share a 
common disk buffer local memory area, while eliminating 
system memory contention problems. This feature greatly 
improves overall system performance, while simplifying 
design. 
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HDC 
INTE RRUPT ' 
RESET- 



M-CLKIN ■ 



INTACK . 

SECTOR , 

INTERRUPI 

R/W 



DS"<- 
WAIT-<- 



cn 
00 



ADDR. 
BUS- 



DATA 
BUS 



< 



DECODE 



LOGICl 



n 



^s<; 



bi> 



22pf 7±- 



iMa 




~±-22.p\ 



XTAL1 XTAL2 

HDC 9225 

XTAL CONNECTION 



SEE BELOW 



XTAL1 
M-CLKIN 



HDCCS 



RAMEN 



INTACK DBMU 
'NT _ HDC 9225 

SYSR/W ''-'^ ^'-'-^ 



XTAL 2 RESET 



AB7-0 

CLOCKOUT 
DMACLK 
DIP 



c 



SYSDS 

WAIT 

SEN 



AD14-0 WE OE 



ECCTM 
STB 



LDADD 



HDCDS 

HDCR/W 

BUSDIR 



iz 



ini 



ADDR WE OE 



DATA 



32KX8 RAM 
ARRAY 



TO DRIVE I/O 



H 






LS 

138 



DIR 



Js 



<lh' 



CS RESET INT 



AB7-0 



CLK 

DMACLK 

DIP 



ECCTM 

STB 
SO 
S^_ 
DS_ 

R/W 

HDC 9224 



C/D 



DB7-0 



>^ 



DBMU TYPICAL 8-BIT APPLICATION 



on 

CO 

en 



HDC 
INTE RRUPT - 
RESET' 



^JLCLKIN 



INTACK 

SECTOR ^ . 
INTERRUPT 

Rjyy — 

DS -*■ 
WAIT"*- 



ADDR 
BUS' 



DATA 
BUS 
LOW 



DATA 
BUS 
HIGH 



< 



D0-D7 



< 



D8-D15 



F^ 



DECODE 



^ DIREN ^ 



A 



^c 



v^^ 



22pf -±r 



HQl- 



ri-22pf 



XTAL 1 XTAL 2 

HDC 9225 

XTAL CONNECTION 



j: 



LOGIC 



A 



A0-A13 



SEE BELOW 



XTAL1 
jiPCLKIN 



HDCCS 



XTAL 2 RESET 



AB7-0 



RAMEN 



c 



CLOCKOUT 
DMACLK 
DIP 



INTACK DBMU 

INT HDC Q225 

SYSR/W "^^ ^'^'^^ ECCTM 
SYSDS STB 

WAIT 
SEN 



LDADD 



HDCDS 
HDCR/W 
AD14-1 WE OE ADia BUSDIR 



SEN 



TO DRIVE I/O 



^ 



^ 






_Lsi 



A0 



LOGIC 



1 



Iz 



ENDIR 

V< 



^ 



ENDIR 



v^<] 



^ 



OS RESET INT 



AB7-0 



CLK 

DMACLK 

DIP 



ECCTM 

STB 

SO 

SI 

DS_ 
R'W 

HDC 9224 



C/D 



D7-0 



Iz 



A0-A13 WE DE HI/LO D0-D7 D8-D15 



16 KX 16 RAM 
ARRAY 



DBMU TYPICAL 16-BIT APPLICATION 



PIN. NO. 



1,2 



41 



37 



33 



39 



29 



38 



30 



35 



24 



4-7, 
20-23 



8-19, 
25-27 
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DESCRIPTION OF PIN FUNCTIONS 



NAME 



Crystal 1 
Crystal 2 



rrucessor 
Select 

of 

Hard 

Disk 

Controller 



RAM 
Enable 



Wait 



System 
Read/Write 



HDC 
Read/Write 



Output 
Enable 



Strobe 



SYMBOL 



XTAL1 
XTAL2 



DESCRIPTION 



nuuui) 



An external 10 MHz crystal is connected to these two pins. If an external 
10 MHz TTL clock is used, it should be connected to XTAL 1 with a 300 
ohm pull-up resistor and XTAL 2 left floating. 



WAIT 



SYSR/W 



HDCR/W 



OE 



STB 



Write 
Enable 



ECC 
Time 



System 
Data Strobe 



HDC 
Data Strobe 



Ground 



Auxiliary 
Bus 
7-0 



Address 
Bus 
14-0 



DMA IN 
PROGRESS 



WE 



ECCTM 



I nis input signal is generated by the host processor and informs the 
DBMU that the host processor wants to read or write to the HDC 9224. 
The processor should not access the HDC 9224 while it is executing a 
previous command. 



This input signal is generated by the host processor to indicate to the 
DMBU that it wants to access the dual ported ram buffer controlled by the 
DBMU. If the HDC 9224 is currently using the buffer, the WAIT signal will 
go active, forcing the host processor into a wait state. 



This output signal is used to wait-state the host processor when the HDC 
9224 and the host processor attempt to access the disk buffer at the 
same time. 



This input signal from the host processor is used for host processor read/ 
write control of the HDC 9224 and the dual ported disk buffer. 



This pin is used as both an input and output. When the host processor is 
either reading or writing to the HDC 9224, this pin outputs the signal pre- 
sented on SYSR/W. When the HDC 9224 is performing disk I/O, an input 
to this pin is used to generate the appropriate RAM control signal. 



This output is used to control the output enable lines of the memory used 
in the dual ported RAM disk buffer. 



This input is connected to the Strobe output on the HDC 9224 and is used 
to decode the multiplexed Aux Bus. 



This output is used to control the write enable lines of the memory used in 
the dual ported RAM disk buffer. 



SYSDS 



HDCDS 



GND 



AB7-0 



AD 14-0 



This input pin serves a dual purpose. When the HDC 9224 is performing 
error correction, an active (low) input (from the HDC 9224) to this pin 
inhibits the internal address counters from incrementing. This allows the 
HDC 9224 to correct the error using read-modify-write cycles. 
When the HDC 9224 is performing a multiple sector read op eration, a n 
active (low) input on this pin, and an active (low) input on the LDADD sig- 
nal to the DBMU indicates that a good sector transfer has occurred. 



This input signal is the data strobe generated by the system processor, 
and is used to synchronize all processor initiated memor y cycles. This 
signal is passed through the DBMU to the HDC 9224 via HDCDS if the 
processor desires to read or write any of the HDC 9224 internal registers. 



This bidirectional pin performs two functions. When the host pr ocessor is 
accessing the HDC 9224, this output is a "pass through" of the SYSDS 
input. 

When the HDC is performing memory cycles this signal becomes an 
inpu t and uses the DS signal from the HDC 9224 to generate the WE or 
OE signals to the buffer memory 



System Ground 



These 8 inputs are connected directly to the AB7-0 outputs of the HDC 
9224. The HDC 9224 will initialize the DBMU's internal 15 bit counter at 
each disk sector boundary by loading the start address in a byte serial 
fashion (high order byte first). The information is accepted upon the 
LDADD signal going active (low). _^ 



DIP 



During HDC 9224 memory cycles, these output pins point to the memory 
address for the data passing through the HDC 9 224. This address is 
automatically incremented at the trailing edge of HDCDS. This bus is in a 
high impedance state whenever the system processor is performing 
memory cycles or working with the internal registers of the HDC 9224. 



This input is generated by the HDC 9224 and informs the DBMU that the 
HDC 9224 is about to perform a memory cycle. 
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DESCRIPTION OF PIN FUNCTIONS (continued) 



PIN. NO. 


NAME 


SYMBOL 


DESCRIPTION 


43 


LOAD 
ADDRESS 


LDADD 


This input is used to clock the data (appearing on AB7-0) into the internal 
15 bit address counter. 


The HDC 9224 pulls this pin active (low) simultaneous with the ECCTM 
signal when a sector of valid data is in the buffer The DBMU may be pro- 
grammed to produce an interrupt on this condition. 


40 


CPU CLOCK 
IN 


IxCLKIN 


This input should be connected to the CPU Clock and must be at least 4 
MHz. 


48 


+ 5V 


Voo 


+ 5 Volts 


46 


Interrupt 


INT 


This output pin is used to interrupt the system processor The DBMU may 
be programmed to produce this interrupt after a (programmed) number of 
sectors are successfully transferred through the DBMU. 


45 


Interrupt 
Acklowledge 


INTACK 


This input is generated by the processor when acknowledging a DBMU 
generated interrupt and will reset the INT output to its inactive (low) state. 


32 


Bus 
Direction 


BUSDIR 


This output signal controls the flow of data through an external bidirec- 
tional tristate bus driver 


42 


System 

Bus 
Enable 


SEN 


This output enables the system processor data bus when the DBMU 
allows the processor access to the RAM buffer memory 


28 

i 


DMA 
Clock 


DMACLK 


This output signal normally runs at a frequency of 5 MHz and feeds the 
HDC 9224 to control the timing of all HDC 9224 memory cycles. When 
the HDC 9224 is accessing the RAM buffer, the low portion of this signal 
is stretched to slow down the HDC 9224 memory cycle and allow proces- 
sor access to the RAM buffer. 


47 


Clock 
Out 


CLOCK 
OUT 


This pin provides the 10 MHz clock required by the HDC 9224. This signal 
conforms to the clock input specifications of the HDC 9224. 


44 


Reset 


RESET 


This input pin resets the DBMU into a known state. Additionally, the INT 
output is reset to logic 0. 



DESCRIPTION OF OPERATION 



DBMU INTERRUPT GENERATION 

The DBMU allows the system to empty the RAM buffer while 
the HDC 9224 is still filling the buffer This can significantly 
improve system throughput. If the processor instructs the 
HDC 9224 to read multiple sectors (N) from the disk, the 
DBMU can be programmed to interrupt the processor after 
N sectors have been successfully transferred to the buffer 

The value (N) is loaded into the 3 least significant bits of the 
upper most DMA address register in the HDC 9224 (Write 
Register 2), and transferred to the DBMU when the DMA 
address is output by the HDC 9224. (This does not cause 
a conflict as the DBMU only uses the lower most 15 bits of 
address output by the HDC 9224). 

After each successful sector transfer an internal counter 
(in the DBMU) is incremented, and when coincidence with 
N is met, the DBMU issues an interrupt to the system 
processor. 

In the case when these 3 bits = "000", an interrupt is gen- 
erated after each sector is successfully transferred. If these 
3 bits = "111" then an interrupt is generated after every 8 
sectors are transferred correctly 

MEMORY CONTENTION 

The DBMU serves as an arbitrator between the HDC 9224 
and the system processor whenever both re quest acc ess 
to the RAM buffer memory The DBMU input RAMEN sig- 



nals when th e system processor needs access to the RAM 
buffer, while HDCDS indicates that the HDC 9224 needs 
access to the buffer. 

During each byte transfer initiated by the HDC 9224, a win- 
dow is se t up which will allow processor cycles to occur If 
RAMEN becomes active in this window, it will be granted 
immediate access to the buffer. Otherwise, the DBMU will 
put the processor in a wait state. This window is open for a 
certain percentage (described below) of every byte time, 
and will insure that at least one processor cycle is allowed 
per byte time. 

When the HDC 9224 is not accessing the RAM buffer, the 
processor window is open 100% of the time. During multi- 
ple sector transfers from the HDC 9224, the window is open 
for 100% of the time between sectors. 

During hard disk operations, where one byte time equals 
1600 ns, the processor window is open for 500 ns during 
each byte time, except when the HDC 9224 is loading a new 
DMA start address to the DBMU. This normally only occurs 
on sector boundaries, and in these cases, the window is 
open for 400 ns. 

For floppy disk operation, where byte times equal 16 us, 32 
us, or 64 us, the window is open for approximately 75% of 
each byte time. Once again, when the HDC 9224 is loading 
a new DMA start address to the DBMU, this window time 
drops to 400 ns. 
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The window will be open 100% of the time following the suc- 
cessful transfer of a sector. 

WAIT OUTPUT TIMING 



Due to the asynchronous nature of the RAMEN input with 
respect to the internal 10 MHz clock, the generation of WAIT 

iVrdy vdi y uy ctpprOXiiTiaiciy jvj fiS. rOi' tniS icdSOn, ii'ie uSei 

has the option of selecting either an "early" WAIT or a "late" 
WAIT output. If "late" WAIT is selected, the WAIT signal will 
become active only if a wait state is needed and it will be 
synchronized to the 10 MHz internal clock. 

If "early " WAIT is selected, the WAIT signal will be output 
for every RAMEN generated and if a wait state is not needed, 
the signal will be reset on the next rising edge of UPCLK. 
The selection of "early" or "late" WAIT is programmed via 
bit 3 of the most significant DMA Address byte (loaded into 
write register 2 of the HDC 9224.) When this bit is set to a 
logic 1 , the "late" WAIT is selected, while if this bit is reset 
to a logic 0, an "early" WAIT is selected. (Upon RESET, 
"early" WAIT is selected.) 

Note that when an HDC 9224 memory cycle is being per- 



formed, the DMACLK is always stretched — even if no con- 
tention exists. The DBMU address bus AD14-0 is put into 
the high impedance state when the output SEN is active 
and is incremented at the next rising edge of the HDCDS 
signal. 

SYSTEM TO HDC ACCESS 

When the system processor wants to acces s the reg isters 
in the HDC 9224, it informs the DBMU via the HDCCS input. 
This input is simply a decode of the system processor 
address bus lines reserved for the HDC register addresses. 

Whon thic cinnal ic anti\/ci thci Rl IQniD oinnol iaiMI ho o^+i_ 

vated to the state which will direct data jnto or out of the 
HDC 9224 as of a function of the SYSR/W input. It should 
be noted that there is no way to produce wait states during 
system to HDC data transfers. Because of this, it is impor- 
tant to remember that the system must only access the HDC 
9224 only after it receives an interrupt from the HDC 9224. 
This will ensure that all data transfers between the RAM 
buffer and the HDC have concluded as a result of the DONE 
bit (in the HDC 9224) being set. 



MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range to 70 C 

Storage Temperature Range - 55 C to + 150 C 

Lead Temperature (soldering, 10 sec) + 300 C 

Positive Voltage on any Pin, with respect to Ground +7V 

Negative Voltage on any Pin, with respect to Ground - 0.3 V 

Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indicated in the operational sections of this spec- 
ification is not implied. 

NOTE : When powering this device from laboratory or system power supplies, it is important that the "Maximum Guar- 
anteed Ratings" not be exceeded, or device failure can result. Some power supplies exhibit voltage spikes or "glitches" 
on their outputs when AC power is switched off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that a clamp circuit be used. 
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DC ELECTRICAL SPECIFICATIONS (TA = C to 70 C, Vcc = 5.0V, ± 5%) 



Parameter 



SUPPLY CURRENT 

loo 



OUTPUT VOLTAGE 

Voh(1) 
Voh(2) 

Vol(1) 

Vol (2) 



Min. 



2.4 
4.3 



Max. 



20 



0.4 
0.4 



Units 



mA 



Comments 




loH = 400uA 

loH = 400 uA (DMACLK and CLKOUT only) 

loH = 2 mA for outputs except SEN 

loH = 4mAforSEN 



INPUT VOLTAGE 

V,H 



2.0 



0.8 



INPUT CURRENT 

l,M 



10 
10 



uA 
uA 



V|H = 2.0V 
ViL^O.SV 



AC ELECTRICAL CHARACTERISTICS (TA = C to + 70 0, Vcc = 5.0V, ± 5%) 






1 




^ 


<5's^*'* 


Symbol 


Min. 


Typ. 


Max. 


Unit 


Comments 


^^ 


TpDI 






60 


ns 


CL=15pf; figure la 




' PD2 






130 


ns 


CL=15pf; figure lb 




TpD3 






70 


ns 


CL=15pf; figure 2 




TpD4A 






60 


ns 


CL = 15pf; figure 3 




TpD4B 






45 


ns 


CL =15pf; figure 3A 




TpDSA 






50 


ns 


CL=15pf; figure 4 




TpDSB 






40 


ns 


CL =15pf; figure 4A 




TpD6A 






60 


ns 


CL =15pf; figure 4A 




TpD6B 






45 


ns 


CL=15pf; figure 4 




T^PD7 






100 


ns 


CL = 30pf; figure 5 




Tzx 




18 


45 


ns 


CL = 30pf; figure 6 




Txz 




18 


45 


ns 


CL = 30pf; figure 6 




TpD8 






40 


ns 


CL=15pf; figure 7 




TpD9 






40 


ns 


CL = 25pf; figure 8 




TpDIO 






45 


ns 


CL = 25pf; figure 8 




' PD11 






40 


ns 


CL = 15pf; figure 9 




TpD12 






100 


ns 


CL=15pf; figure 10 




TpD13 






40 


ns 


CL=15pf; figure 11 




TpD14 






50 


ns 


CL=15pf; figure 12 




1 PD15 






50 


ns 


CL=15pf; figure 12 




TpDie 






55 


ns 


CL=15pf; figure 12 




TpD17 






45 


ns 


CL=15pf; figure 12 




' PD18 




20 


50 


ns 


CL=10pf; figure 13 




'PD19 




20 


50 


ns 


CL=10pf; figure 13 




1 PD20 




10 


40 


ns 


CL = 30pf; figure 13 




TpD21 




10 


40 


ns 


CL = 30pf; figure 13 




Twi 


150 






ns 


Figure 14 




' W2 


300 






ns 


Figure 14 




' W3 


500 






ns 


Figure 15 




1 W4 


500 






ns 


Figure 15 




' W5 


650 






ns 


Figure 16 




' W6 


650 






ns 


Figure 16 




' W7 


100 






ns 


Figure 17 




Tp 


100 






ns 


Figure 18 




TcH 


50 






ns 


Figure 18 




TcL 


50 






ns 


Figure 18 




TsL 


50 






ns 


Figure 19 




Thl 


50 






ns 


Figure 19 




Ts2 


50 






ns 


Figure 19 




Th2 


50 






ns 


Figure 19 




' W8 


200 






ns 


Figure 20 




Tw9 




750 




ns 


Figure 21 
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WAiT 
(early) 



Note: All propagation delays are measured from the 1 .5V level 
of the input signal to the 1 .5V level of the output 
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Note: all measurements referenced to the 1 .5V level. 
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FIGURE A-PROCESSOR + HDC9224 CONTENTION TIMING FOR HARD DISK 
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FIGURE B-PROCESSOR TO 9224 ACCESS CYCLES 



STANQE^D MICROSYSTEMS 
CORPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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HDC 9226 

PRELIMINARY 



HIGH PERFORMANCE 
HARD DISK DATA SEPARATOR 
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"HDDS 

FEATURES 

D Significantly reduces component count in hard disk 
systems 

D Completely compatible with the HDC 9224 Universal 
Disk Controller 

D Simplifies design and improves performance of ST506 
Hard Disk Controller sub-system 

D Built-in write precompensation logic 

D Eliminates costly critical "tune up" adjustments 

D Space saving 24 pin package saves board space and 
reduces critical layout problems. 

D Printed Circuit Board Artwork available to facilitate 
prototyping and evaluation 



GENERAL DESCRIPTION 

The HDC 9226 Hard Disk Data Separator (HDDS) is a 24 quency locking onto either the FM or MFM data stream out- 



PIN CONFIGURATION 








RCLKC 


1 24 


: Vcc 


RDATA C 


2 23 


2 DLY30 


EARLY C 


3 22 


3 DLY40 


LATE C 


4 21 


J NC 


WDATA C 


5 20 


2 NC 


10MHZOUT C 


6 19 


2 XDL 


lOMHz/XTALI C 


7 18 


J DLY50 


XTAL2 C 


8 17 


2 PUMPUP 


5MHZ0UT C 


9 16 


2 PUMPDWN 


WRGATE C 


10 15 


2 4XVC0 


RDGATE C 


11 14 


3 RDIN 


GND d 


12 13 


11 WDOUT 


24 Pin DIP Package 



pin CMOS/LSI device, which when used with the HDC 9224 
Universal Disk Controller significantly simplifies the design 
of a high performance hard disk data separator 

The HDC 9226, combined with a few discrete components, 
form a phase locked loop which performs phase and fre- 



put by ST506/ST412 type drives. 

By reducing the number of critical discrete components to 
a minimum and eliminating all critical adjustments, the HDC 
9226 simplifies the task of the designer. 



\ MUX / 



HDC 9226 s 

BLOCK DIAGRAM 



ri 



\mux/ 



L_L 



DATA 
RECOVERY 
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RCLK 

RDATA 

EARLY 

LATE 

WDATA 

10MHZOUT 

10MHZ/XTAL1 

XTAL2 
5MHZ0UT 

WRGATE 
RDGATE 
GND 



Vcc 

DLY30 

DLY40 

NC 

NC 

XDL 

DLY50 



PMPUP 



PMPDWN 

4XVC0 

RDIN 

WDOUT 



■ + 5V 



(NC) 
•(NC) 



CONTROL/STATUS 



X 



T 



FILTER 
VCO 

SEE 
SCHEMATIC 

#1 



L-<| 



L2 



TO 
DRIVE 







TYPICAL CIRCUIT CONFIGURATION 



DESCRIPTION OF PIN FUNCTIONS 



PIN. NO. 


NAME 


SYMBOL 


DESCRIPTION 


1 


Read Clock 


RCLK 


Read clock output with nominal frequency of 5 MHz which defines the 
half bit boundaries of the RDATA output. 


2 


Read Data 


RDATA 


This output is the regenerated raw read data from the drive. This signal 
conforms to all timing requirements of the UDC. 


3 


Early 


EARLY 


This input is connected to the HDC 9224, and causes the HDDS to send 
out the write data early. 


4 


Late 


LATE 


This input is connected to the HDC 9224, and causes the HDDS to send 
out the write datalate. 


5 


Write Data 


WDATA 


This input is connected to the HDC 9224, and is the MFM encoded write 
data signal. This signal is passed through the HDDS and is delayed 
according to the write precompensation inputs EARLY and LATE. 


6 


lOMhzOut 


10MHZOUT 


This output is normally connected to the CLK input on the HDC 9224. 


7,8 


Crystal 1,2 


XTAL 1 ,2 


A 10 Mhz crystal may be connected between these two inputs. If a TTL 
signal is used in place of a crystal, the TTL signal (with pullup) should be 
connected to the XTAL 1 and the XTAL 2 input should be left open. 


9 


5 Mhz Out 


5MHZ0UT 


This output is normally tied to the HDC 9224 DMACLK pin in systems that 
do not use the HDC 9225 Disk Buffer Management Unit. 


10 


Write Gate 


WRGATE 


This input is connected to the WRGATE output of the HDC 9224. When low 
the RDIN input is selected and is output to the delay line via the XDL pin. 
When in write mode (WRGATE active), the WDATA input is selected and 
output to the delay line via the XDL pin for precompensation. 


11 


Read Gate RDGATE J This input signal, when active, allows the external VCO to begin locking 
on the incoming data from the drive. When this signal is inactive, the VCO 
will lock on to the 5 MHz output signal. 


12 Ground GND This is the ground pin for the device j 


13 Write Data WDOUT i This output is the precompensated version of the WDATA input. This out- 
Out put is normally connected to the write data signal of the hard disk drive. 


14 Read Data RDIN | This input is nornnally connected to the Disk Data output of the drive. The 
In leading edge of this input arms the internal phase comparator, and then 
also asserts the PM PUP output 50 ns later. 


15 


4 Times VCO 4XVC0 ' This input is connected to the external VCO and runs at a frequency of 4 
; times the data rate with RDGATE asserted. This signal is internally 
i divided by 2 and feeds the phase comparator to generate the PMPDN 
1 signal. 4XVC0 is also divided by four and output as the RCLK signal. 


16 


Pump Down ! PMPDN 


When active (low) this output will decrease the frequency of the VCO. 


17 


Pump Up : PMPUP : When active (low) this output will increase the frequency of the VCU. 


18 


Delay 50 ns DLY50 . This is the 50 ns delay of the XDL signal. The 50 ns tap is used to arm the 
phase detector and create a reclocked version of the raw read data from 
the drive. 


19 


Excite 
Delay 
Line 


XDL 


During write operations, when WRGATE is active, this output is identical 
to WDATA, and is output to the delay line, creating precise delays which 
are used to perform write precompensation. 

When WRGATE is inactive, this output is the image of the raw read data 
the RDIN input. XDL is output to the delay line and is used to provide 
proper arming for the phase comparator and clocking for the data recov- 
ery circuitry. 


20,21 1 No Connect 


NC ' No connection should be made to these pins. 


22 Delay 30 

23 Delay 40 


DLY30 These inputs are delays of 30 and 40 ns of the XDL signal, and come 
DLY40 from the external delay line. These signals are used for the nominal, late 
and early positioning of the databits in the WDOUT data stream. 


24 Vcc 


Vcc + 5V supply connected to this pin. 
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DESCRIPTION OF OPERATION 



DATA SEPARATION 

The HDC 9226, in conjunction with an external VCO, tapped 
delay line and filter, allows the system designer to imple- 
ment a high performance phase locked loop circuit to per- 

lOrm piiaoc aPiu ircCjUonCy lOCKifiQ OniO citficJ ail ivirivi Oi 

FM encoded data stream (from an ST-506 style disk drive.) 

In most applications, the data on the hard disk is recorded 
in double density (MFM). In MFM mode, an input pulse on 
RDIN indicates not a 1 or but rather a flux transition on the 
media and^(by definition) these flux transitions may be 
spaced at T, 1 .51 or 2T time intervals, where T equals the 
inverse of the bit data rate. For the standard ST-506 drive, 
these time intervals are 200 ns, 300 ns, and 400 ns. 

Due to the nature of magnetic storage phenomena, the bit 
spacing found on the hard disk is not constant, but instead 
will modulate due to magnetic effects and drive rotational 
speed variations. The HDC 9226 compensates for these 
shifts i n the RD IN signal coming from the drive and regen- 
erates RDATA and RCLK. 

The RCLK signal is derived from the VCO which changes 
its period as a function of the variations in the raw disk data 
and permits the data from the drive to be correctly clocked 
into the HDC 9224 Universal Disk Controller, independent 
of the bit spacing variations found in the raw data coming 
from the drive. 

The VCO nominally runs at 20 Mhz. Since the half bit time 
(for data from the disk) is 100 ns, the HDC 9226 divides the 
4XVC0 signal in half and compares the phase and fre- 
quency of the VCO with the incoming data. The read data 
signal is regenerated by the HDC 9266 and is placed cor- 



rectly within the RCLK window so as to satisfy the input tim- 
ing requirements of the HDC 9224 Universal Disk Controller 

WRITE PRECOMPENSATION GENERATOR 

Tho Mnr^ 000^ alcn rsarfr\rmc \ktr\^e> r^rocwmnotnoo+irtn larkii/^t-k 

is needed because of tendency of written data to "re-align" 
itself on the magnetic media. 

Certain bit patterns, when written, and later read back, will 
cause a phenomena known as "peak" or "bit" shift. Since 
this shifting is predictable, it is common when writing to 
magnetic media to intentionally pre-shift when these bits 
are to be written. This intentional "pre-shifting" minimizes 
the amount of shifting which occurs when the data is read 
back, and facilitates proper data recovery 

The HDC 9224 recognizes those patterns which require 
"pre-shifting" or precompensation, and outputs EARLY and 
LATE signals to alert the HDC 9226 to the need for 
precompensation. 

Typical ST-506 applications may require "pre-shifting" the 
data bits by approximately 10 ns (either early or late). Three 
taps of the delay line (DLY30, DLY40, DLY50) are normally 
used to implement precompensation. The HDC 9226 then 
outputs the precompensated data via the WDOUT pin. 

PERFORMANCE SPECIFICATIONS 

Complete performance specifications and specification 
definitions are contained in Technical Note 6-4, which is 
available from SMC Sales Offices and sales representa- 
tives. Technical Note 6-4 also contains full size PC board 
drawings and a complete bill of materials, useful in the pro- 
totyping of designs using the HDC 9226. 
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MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range to 70 C 

Storage Temperature Range - 55 C to + 150 C 

Lead Temperature (soldering, 10 sec) + 325 C 

Positive Voltage on any Pin, with respect to Ground VCC + 0.5V 

Negative Voltage on any Pin, with respect to Ground - 0.5 V 

Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other condition above those indicated in the operational sections of this spec- 
ification is not implied. 

NOTE : When powering this device from laboratory or system power supplies, it is important that the "Maximum Guar- 
anteed Ratmgs" hot Be exceeded, or device failure can result. Sortie power supplies exhibit voltage splRes or^glitches" 
on their outputs when AC power is switched off. In addition, voltage transients on the AC power line may appear on the 
DC output. If this possibility exists it is suggested that a clamp circuit be used. '''^Z:~-~^ 



DC ELECTRICAL SPECIFICATIONS (TA = C to 70 C, Vcc - 5.0V ± 5%) 



Parameter 



SUPPLY CURRENT 

I no 



OUTPUT VOLTAGE 

Voh(1) 

Voh(2) 

Vo, 



INPUT VOLTAGE 

V,H (3) 
V,L (3) 
V,H (4) 



INPUT CURRENT 

k 



Min. 



2.4 
4.3 



2.0 
3.5 



Max. 



20 



0.4 



0.8 
1.5 



10 
2.0 



Units 



mA 




Comments 



'^Atiyj 



loH = 400uA 
loH = 400uA 
loL = 2.0 mA 



uA 
mA 



V|H = 2.0V 
V|L=0.4V 



Notes: 

(1 ) For all outputs except lOMHzOUT and 5MHzOUT 

(2) For lOMHzOUT and 5MHzOUT 

(3) For all inputs except XTAL 1 and 4XVC0 
(4)ForXTAL1and4XVCO 

AC ELECTRICAL CHARACTERISTICS (TA = Cto +70 C, Vcc = 5.0V ± 5%) 



Symbol 


Min. 


Typ. 


Max. 


Unit 


Comments" 


Ti 






70 


ns 


figure 1 




T, 






80 


ns 


figure 1 




T3 






65 


ns 


figure 2 




T4 






70 


ns 


figure 2 




T5 






100 


ns 


figure 3 




Te 






100 


ns 


figure 3 




T7 






35 


ns 


figure 4 




Te 






35 


ns 


figure 4 




T9 






45 


ns 


figure 4 




T,o 






40 


ns 


figure 4 




T,, 






45 


ns 


figure 5 




Tl2 






35 


ns 


figure 5 




Tl3 






35 


ns 


figure 5 




Tu 






35 


ns 


figure 5 




T,5 






45 


ns 


figure 6 




T,a 






45 


ns 


figure 7 




T„ 






45 


ns 


figure 8 




T18 


45 


50 


55 


ns 


figure 9 




Tl9 




50 




ns 


figure 1 




T20 




50 




ns 


figure 1 1 




T., 


6 






ns 


figure 12 




T,2 






50 


ns 


figure 12 
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NOTE: The printed circuit board artworl< siiown above is inciuded for illustration only. Camera ready artwork is available at no charge. 
Contact your SMC representative or regional sales office, and ask for Technical Note TN 6-4. 

Blank PC boards (based on the illustrations above) are also available to facilitate evaluation and design. Contact your SMC repre- 
sentative or regional sales office for more information. 



STANDARD MICROSYSTEMS ^^''^'^'^ diagrams utilizing SMC products are included as a means of illustrating typical semiconductor appllca- 
fyiXnf^ierV^i\^lZlJZ^^mmm ''°"^' consequently complete information sufficient for construction purposes is not necessarily given. The 
VAJKKUKMIIUIM.^IIi^^Bi^^^B information has been carefully checked and Is believed to be entirely reliable. However, no responsibility is 

assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
' iMJl^aioo TvS-siii-nMeS devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 

at any time in order to improve design and supply the best product possible. 
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Keyboard Encoder 



fart 
Number 


ITo.of 
Keys 


Modes 


Features 


Standard Fonts 
Suffix Description 


Ecisplies 


]Pftekag(i 


Page 


KR-3600XX-- 


90 

^51 


4 


2 Key or 

W Key Rollover 


-ST 

-STD 

-PR-0 


ASCII 
ASCII 
Binary Sequential 


+5, -Ig 


40 DIP 


55S-562 


KR-9600XX 


90 


4 


2 or N Key 
Rollover 


-PRO 


Binary Sequential 


, . , 4-5 , 


40 DIP 


363-574 


KR-9601 XX 


90 


4 


2 or N Key 
Rollover, 
caps-lock, 
auto-repeat 


-STD 


Binary Sequential 


+S 


40 DIP 


563-574 


KR-9602XX 


90 


4 


2 or N Key 
Rollover, 
caps-lock, 
auto-repeat, 
serial output 


-STD 


Binary Sequential 


, -»-Sv-12- - 


,28 DIP 


563-574 
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STANDARD MICROSYSTEMS 
CORPORATION^ 




KR3600-XX 
KR3600-ST 
KR3600-STD 
KR3600-PRO 

Keyboard Encoder Read Only Memory 

FEATURES 

■ Data output directly compatible with TTL 

■ N Key rollover or lockout operation 

■ Quad mode 

■ Lockout/ rollover selection externally selected as option 

■ On chip-master/slave oscillator 

■ AII10 output bits available 

■ Fully buffered data outputs 

■ Output enable provided as option 

■ Data compliment control provided as option 

■ Pulse or level data ready output signal provided as an option 

■ Any key down output provided as an option 

■ Contact bounce circuit provided to eliminate contact bounce 

■ Static charge protection on all input/outputs 

■ Pin for Pin replacement for Gl AY-5-3600 

GENERAL DESCRIPTION 

The SMC Microsystems KR3600-XX is a Keyboard Encoder 
containing a 3600 bit read only memory and all the logic 
necessary to encode srngle pole single throw keyboard 
closures into a 10 bit code. 

The KR3600-XX is fabricated with a low voltage p channel 
technology and contains the equivalent of 5000 transistors on a 
monolithic chip in a 40 lead dip ceramic package. 

BLOCK DIAGRAM 



PIN CONFIGURATION 








Function 


\y 




Option , C 


1 40 


3 Xc 


Option) See ^ 


2 39 


J Xi 


Option \ :'Pin C 

(Assignment 
Option i Chart" C 


3 38D X2 

4 3711 X3 


Option / C 


5 36 3 X4 


Data Output B9 C 


6 35D Xs 


Data Output B8 C 


7 34 


D Xs 


Data Output B7 C 
Data Output 86 C 


8 




33 


H X7 

H Xe 


9 




32 


Data Output 85 C 


10 




31 


3 Delay Node Input 


Data Output 84 Z 
Data Output 83 u 


11 




30 


1 Shift Input 


12 




29 


Data Output 82 C 


13 28 


3 Control Input 


Data Output 81 C 


14 27 


H Vs6 


Vdo C 


15 26 D Y, 


Data Ready C 


16 25 1 Ye 


Yo C 


17 24 


3 Y7 


Y, C 


18 23 


3 Ye 


Y2 C 


19 22 


3 Ys 


Y3 C 20 21 


H Y4 


PACKAGE: 40-Pin D.I.R | 




coMPUigirr ^ 
eoifmot-* 
(orrioH) 



4— < — CHIP EtUSLE (OPTION) 

LOCKOUT/ MOLLOVER (OPTION} 



MOTE: REFEN TO FIG. 1 FOR OPTION PIN SELECTION. 

«RI (lOOK-a). CI (45»F1 PROVIDES 4PPR0X. SOKHZ CLOCK FRCO. 
«»C2 (SOOaS DELAY/ CPF) K SUPPLIED INTERNALLY. 
• •♦DIOOCS NECESSARY FOR COMPLETE nKCY ROLLOVER OPERATION. 
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DESCRIPTION OF OPERATION 

The KR3600 contains a 3600 bit ROM, 9-stage and 10-stage ring counters, a 10 bit comparator, timing 
circuitry, a 90 bit memory to store the location of encoded keys for n key rollover operation, an externally controllable 
delay network for eliminating the effect of contact bounce, an output data buffer, and TTL/DTL/MOS compatible 
output drivers. 

Thn Dr>K/l n/>ftirtn nt tha ,^^-ll^^ ic r> OCn l^.. -1 n k;* rv,^~. r :_.,_ * nn i ....-.■. . . — . 

...-,..-... I- .. ~. ...^ f-, .,»•««>,«/, ,<, ^,^ ,,„^,,,^, J uiiuiiyv-uiiriuiuui au-vvuiuuy iu-uiiyiuu|j&. nre 

appropriate levels on the Shift and Control Inputs selects one of the four 90-word groups; the 90-individual word 
locations are addressed by the two ring counters. Thus, the ROM address is formed by combining the Shift and Control 
Inputs with the two ring counters. 

The external outputs of the 9-stage ring counter and the external inputs to the 10-bit comparator are wired to 
the keyboard to form an X-Y matrix with the 90-keyboard switches as the crosspoints. In the standby conditions, when 
no key is depressed, the two ring counters are clocked and sequentially address the ROM, thereby scannina the key 
switches for key closures. 

When a key is depressed, a single path is completed between one output of the 9-stage ring counter (XO thru 
X8) and one input of the 10-bit comparator (Y0-Y9). After a number of clock cycles, a condition will occur where a 
level on the selected path to the comparator matches a level on the corresponding comparator input from the 
10-stage ring counter. 

N KEY ROLLOVER — When a match occurs, and the key has not been encoded, the switch bounce delay network 
is enabled. If the key Is still depressed at the end of the selected delay time, the code for the depressed key is transferred 
to the output data buffer, the data ready signal appears, a one is stored in the encoded key memory and the scan 
sequence is resumed. If a match occurs at another key location, the sequence is repeated thus encoding the next key. 
If the match occurs for an already encoded key, the match is not recognized. The code of the last key encoded 
remains in the output data buffer. 

N KEY LOCKOUT- When a match occurs, the delay network is enabled. If the key is still depressed at the end of 
the selected delay time, the code for the depressed key is transferred to the output data buffer, the data ready signal 
appears and the remaining keys are locked out by halting the scan sequence. The scan sequence is resumed upon 
key release. The output data buffer stores the code of the last key encoded. 

SPECIAL PATTERNS — Since the selected coding.of each key and all the options are defined during the 
manufacture of the chip, the coding and options can be changed to fit any particular application of the keyboard. Up 
to 360 codes of up to 10 bits can be programmed into the KR3600 ROM covering most popular codes such as ASCII, 
EBCDIC, Selectric, etc., as well as many specialized codes. 



Pini 



Pin 2 



Pin 3 



Pin 4 



Pins 



CUSTOM CODING INFORMATION 

The custom coding information for SMC's 

3600 Bit Keyboard Encoder ROM should 

be transmitted to SMC. The Truth Table 

should be completed on the format supplied. 



LEGEND 

CC = Complement Control 
AKO = Any Key Down Output 
BIO = BIO (Data) Output 
LO/RO = Lockout/Rollover 
CE = Chip Enable 
Internal Clock = Self Contained Oscillator 
External Clock = External Frequency Source 




Pin1 



Pin 2 



Pin 3 



Pin 4 



Pins 



OPTION SELECTION/PIN ASSIGNMENT 
FIGURE 1 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range — 55°C to +150°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, Vcc +0.3 V 

Negative Voltage on any Pin, Vcc —25 V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other condition above those indicated in the 
operational sections of this specification is not implied. 

ELECTRICAL CHARACTERISTICS 

(Ta= 0°C to 70°C, Vcc = + 5V ±5% , Vqq = -1 2V ±1 .OV, Vdd = GND, unless otherwise noted) 



Characteristics 


lUlin 


Typ" 


Max 


Units 


Conditions 


Cloci( Frequency 


10 


50 


100 


KHz 


See Block diagram footnote* 
for typical R-C values 


External CIoc[( Width 


7 


- 


- 


fiS 




Data & Cloclc input 












(Shift, Control, 












Compliment Control, 












Lockout/Rollover, 












Chip Enable 












& External Clock) 












Logic "0" Level 


VSG 


— 


+ 0.8 


V 




Logic "1" Level 


Vcc-1.5 


— 


Vcc + 0.3 


V 




Shift & Control Input 












Current 


75 


150 


220 


/.A 


V,N= +5V 


X Output (Xo-Xg) 












Logic "1" Output Current 


40 


250 


500 


fJ^ 


VouT = Vcc(SeeNote2) 




600 


1300 


4000 


ixk 


Vol;t = Vcc-1 .3V 




900 


2000 


6500 


A'A 


VoUT = VcC-2.0V 




1500 


2000 


14,000 


mA 


V0UT = VcC-5V 




3000 


10,000 


23,000 


^A 


VoUT = Vcc-1 OV 


Logic "0" Output Current 


8 


30 


60 


/.A 


VouT = Vcc 




6 


25 


50 


^A 


VouT = Vcc-1 .3V 




5 


20 


45 


aA 


VoUT = VcC-2.0V 




2 


10 


30 


mA 


VouT = Vcc-5V 






0.5 


5 


yA 


VouT = Vcc-10V 


Y Input (Y0-Y9) 












Trip Level 


Vcc-5 


Vcc-3 


Vcc-2 


V 


Y Input Going Positive (See Note 2) 


Hysteresis 


0.5 


0.9 


1.4 


V 


(See Note 1) 


Selected Y Input Current 


18 


100 


170 


/.A 


V,N = VcC 




14 


80 


150 


Ilk 


ViN = Vcc-1 .3V 




13 


50 


130 


Ilk 


V,N = Vcc-2.0V 




5 


40 


110 


y.k 


V,N = Vcc-4.0V 


Unselected Y Input Current 


g 


40 


80 


/.A 


V,N = VCC 




7 


30 


70 


Ilk 


V,N = Vcc-1 .3V 




6 


25 


60 


Ilk 


V,N = Vcc-2.0V 




3 


15 


40 


Ilk 


V,N = Vcc-5V 






0.5 


20 


M 


V,N = Vcc-1 OV 


input Capacitance 


- 


3 


10 


PF 


atOV(AII Inputs) 


Switch Characteristics 












Minimum Switch Closure 


— 


— 


— 


— 


See Timing Diagram 


Contact Closure 












Resistance 


_ 


— 


300 


n 


Zee 




1 Xl07 


- 


- 


n 


Zco 


Strobe Delay 












Trip Level (Pin 31) 


Vcc-4 


Vcc-3 


Vcc-2 


V 




Hysteresis 


0.5 


0.9 


1.4 


V 


(See Note 1) 


Quiescent Voltage (Pin 31) 


-3 


-5 


-9 


V 


With Internal Switched Resistor 


Data Output (B1-B10), 












Any Key Down Output, 












Data Ready 












Logic "0" 


_ 


— 


0.4 


V 


loL = 1.6m A 


Logic "1" 


Vcc-1 


— 


— 


V 


loH = 1.0m A 




Vcc-2 


- 


- 


V 


loH = 2.2m A 


Power 












Ice 


_ 


12 


25 


mA 


Vcc=+5V 


Iss 


- 


12 


25 


mA 


Vgg = -12V 



* 'Typical values are at +25°C and nominal voltages. 

NOTE 

1. Hysteresis is defined as the amount of return required to unlatch an input. 

2. Precharge of X outputs and Y inputs occurs during each scanned clock cycle. 
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SWITCH 
CLOSURE 



TIMING DIAGRAM 



h n n 



DATA READY 
STROBE 



DATA 
OUTPUT 



SWITCH 
RELEASE 



MINIMUM SWITCH CLOSURE 
-H I— 90 CLOCK CYCLES 



. SWITCH . 
BOUNCE 



STROBE 
DELAY 



1 



ANY KEY I i- 

DOWN 

IITPIIT— ' 1 



OUTPUT - 



FOUR 
CLOCK 
CYCLES 



DC 



RESUME SCAN FOR— -1 
n KEY ROLLOVER i 



LEVEL 
PULSE 



n KEY 
ROLLOVER 



[RESETS AT FIRST Xo Yol 
AFTER FIRST X| Yl J 



-RESUME SCAN FOR 
n KEY LOCKOUT 



MINIMUM SWITCH CLOSURE » SWITCH BOUNCE + OOx-J-) + STROBE DELAY + STROBE WIDTH 



MAXIMUM 
EXPECTED 



DETERMINED BY 
EXTERNAL C 



DETERMINED 
BY FREQUENCY 
OF OPERATION 
(EXTERNAL RC) 



MINIMUM TIME 

REQUIRED BY 

EXTERNAL 

CIRCUITRY 



•Y" INPUT STAGE FROM KEYBOARD 



> INTERNAL 
GATING 



"X" OUTPUT STAGE TO KEYBOARD 




V-c COUNTER 

" INPUT 



OUTPUT DRIVER 



Q 



NOTE: Output driver capable of driving one INPUT > i j 
TTL load with no external resistor. 
Capable of driving tv»o TTL loads using 
an external 6.8Kn resistor to Vqq 



1 



STROBE DELAY vs. Cj 



^ 



||— 0IP 



COUNTER > . I 

INPUT ''^n 



H, 



J — J 



->T0 KEYBOARD 



' -I \ STATIC 
\CHAR6E 
t— J PROTECTION 



DEVICE 



y > OUTPUT 



i^ 



T ^ STATIC 
.CHARGE 
PROTECTION 
DEVICE 

'CC 



OSCILLATOR FREQUENCY vs. C, 



.022 








^^^ 




w 


.01 




_f^ 


^^ 


^'^ 






y .005 


i 


/ 










5 .003 


/ 












2 
< 

" mo 


/ 






T. = 25° 
NOMIN/ 
DELAY = 


C 

LVOLTAC 

300nSEC 


;e 

/CpF 


.001 


/ 









f 













180 


\ 




R = lOOKll 

,T. = 2S°C 




\ 




NOMIN 
VOLT 


AL SUPPL 
AGE 


i 


140 


\ 










S ,.n 




\ 








1 




\ 








I nn 




\ 








5 




\ 














V 






20 








X 


^ 












^ 
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FREQUENCY (KHz) 



KR3600-STD 







Normal 


Shift 


Control 


Shift Control 






XY 


B -12345678910 


B-12345678910 


B-12345678910 


B-12345678910 






00 


1 1000111001 


< 0011111001 


1 1000111011 


SUB 0101100001 






01 


q 1000110101 


1000100101 


q 1000111111 


OLE 0000100001 






02 


a 1000010101 


A 1.000000101 


a 1000011111 


@ 0000000101 






03 


z 0101110101 


Z 0101100101 


z 0101111111 


P 0000100101 






04 


HT 1001000001 


HT 1001000001 


HT 1001000001 


1 1001000101 






05 


H 0001000101 


H 0001000101 


H 0001000101 


H 0001000111 






06 


+ 1101011001 


+ 1101011001 


+ 1101011001 


+ 1101011011 






07 


SO 0111001001 


> 0111111001 


SO 0111000001 


so 0111000011 






08 


p 0000110101 


@ 0000000101 


NUL 0000000001 


NUL 0000000001 






09 


1 1060111061 


! 1000(511001 


SOH 1000000001 


SOM ItJOOOOOOOl 






10 


2 0100111001 


@ 0000000101 


2 0100111011 


ETB 1110100001 






11 


w 1110110101 


W 1110100101 


w 1110111111 


A 0011100101 






12 


s 1100110101 


S 1100100101 


s 1100111111 


A 1000000101 






13 


X 0001110101 


X 0001100101 


X 0001 111111 


1000100101 






14 


RS 0111100001 


RS 0111100001 


RS 0111100001 


FS 0011100001 






15 


% 1010611001 


% 1010011001 


% 1010011001 


% 1010011011 






16 


m 1011010101 


] 1011100101 


CR 1011000001 


CR 1011000001 






17 


SI 1111000001 


SI 1111000601 


SI 1111000001 


SI 1111000011 






18 


n 0111010101 


A 0111100101 


SO 0111000001 


so 0111006001 






19 


2 0100111001 


■■ 0100011001 


STX 0160000001 


STX 0100000001 






20 


3 1100111001 


# 1100011001 


3 1106111011 


NAK 1010100001 






21 


e 1010010101 


E 1010000101 


e 1010011111 


DC3 1100100001 






22 


d 0010010101 


D 0010000101 


d 0010011111 


B 0100000101 






23 


c 1100010101 


C 1100000101 


c 1100011111 


R 0106100101 






24 


— 1111100100 


— 1111100106 


- 1111100100 


A 0111100100 






25 


$ 0016011001 


$ 0010011001 


$ 0010011001 


$ 0010011011 






26 


L 0011000101 


L 0011000101 


L 0011000101 


L 0011000111 






27 


US 1111100001 


us 1111100061 


US 1111100001 


US 1111100011 






28 


6 0110111001 


& 0110011001 


ACK 0110000001 


ACK 0110000001 






29 


k 1101010161 


[ 1101100101 


DEL 1111111101 


DEL 1111111101 






30 


4 0010111001 


$ 0010011001 


4 0010111011 


DC4 0010100001 






31 


r 0100110101 


R 0100100101 


r 0100111111 


END 1010000001 






32 


f 0110010101 


F 0110000101 


f 0110011111 


C 1100000101 






33 


SP 0000011000 


SP 0000011000 


SP 0000011000 


SP 0060011000 






34 


CAN 0001101000 


( 0001011000 


CAN 0001100000 


BS 0001000000 






35 


OR 1011000001 


OR 1011006001 


CR 1011000001 


M 1011000101 






36 


[ 1101111101 


[ 1101111101 


[ 1101111111 


K 1101000101 






37 


VT 1101000000 


VT 1101000000 


VT 1101000000 


VT 1101000010 






38 


7 1110111001 


• 1110011001 


BEL 1110000001 


BEL 1110000001 






39 


" 0100011001 


" 0100011001 


" 0100011001 


" 0100011011 






40 


5 1010111001 


% 1010011001 


5 1010111011 


STX 0100000001 






41 


t 0010110101 


T 0010100101 


t 0010111111 


EOT 0010000001 






42 


g 1110010101 


g 1110000101 


G 1110011111 


D 0010000101 






43 


V 0110110101 


V 0110100101 


V 0110111111 


S 1100100101 






44 


ETX 1160000001 


ETX 1100000001 


ETX 1100000001 


ETX 1100000001 






45 


] 1011111101 


1 1011111101 


] 1011111111 


N 0111000101 






46 


? 1111111001 


? 1111111001 


? 1111111011 


[ 1101100101 






47 


- 1011011001 


- 1011111001 


- 1011011001 


— 1011011011 






48 


) 1001011001 


) 1001011001 


) 1001011001 


) 1001011011 






49 


SP 0000011001 


SP 0000011001 


SP 0000011001 


SP 0000011011 






50 


6 0110111001 


> 0111111001 


6 0110111611 


SOH 1000000001 






51 


y 1001110101 


Y 1001100101 


y 1001111111 


DC1 1000100001 






52 


h 0001010101 


H 0001000101 


h 0001011111 


E 1010000101 






53 


b 0100010101 


B 0100000101 


b 0100011111 


T 0010100101 






54 


: 0101111001 


* 0101011001 


: 0101111011 


SYN 0110100001 






55 


> 0111111001 


> 0111111001 


> 0111111011 


Z 0101100101 






56 


; 1101111001 


+ 1101011001 


; 1101111011 


Y 1001100101 






57 


NUL 0000000001 


NUL 0000000001 


NUL 0000000001 


NUL 0000000001 






58 


* 0101011001 


* 0101011001 


• 0101011001 


• 0101011011 






59 


! 1000011001 


! 1000011001 


! 1000011001 


! 1000011011 






60 


7 1110111001 


& 0110011001 


7 1110111011 


ETX 1100000001 






61 


u 1010110101 


U 1010100101 


u 1010111111 


BEL 1110000001 






62 


j 0101010101 


J 0101000101 


j 0101011111 


F 0110000101 






63 


n 0111010101 


N 0111000101 


n 0111011111 


U 1010100101 






64 


= 1011111060 


= 1011111000 


= 1011111010 


~ 0111111100 






65 


< 0011111001 


< 0011111001 


< 0011111011 


W 1110100101 






66 


p 0000110101 


P 0000100101 


p 00001 11111 


J 0101000101 






67 


0000111001 


) 1001011001 


0000111011 


DC2 0100100001 






68 


& 0110011001 


& 0110011001 


& 0110011001 


& 0110011011 






69 


# 1100011001 


# 1100011001 


# 1100011001 


# 1100011011 






70 


8 0001111001 


• 0101011001 


8 0001111011 


ESC 1101100001 






71 


i 1001010101 


1 1001000101 


i 1001011111 


ACK 0110000001 






72 


k 1101010101 


K 1101000101 


k 1101011111 


G 1110000101 






73 


m 1011010101 


M 1011000101 


m 1011011111 


V 0110100101 






74 


/ 1111011001 


? 1111111001 


/ 1111011001 


■ 1110011001 






75 


' 1110011001 


" 0100011001 


■ 1110011001 


" 0100011001 






76 


LF 0101000000 


LF 0101000000 


LF 0101000000 


GS 1011100000 






77 


= 1011111001 


- 1101011001 


= 1011111001 


+ 1101011001 






78 


FF 0011001001 


< 0011111001 


FF 0011000001 


FF 0011000011 






79 


( 0001011001 


( 0001011001 


( 0001011001 


( 0001011011 






80 


9 1001111001 


( 0001011001 


9 1001111011 


EM 1001100001 






81 


1111010101 


1111000101 


1111011111 


] 1011100101 






82 


1 0011010101 


L 0011000101 


1 0011011111 


X 0001100101 






83 


, 0011011001 


, 0011011001 


, 0011011001 


, 0011011011 






84 


. 0111011001 


. 0111011001 


. 0111011001 


. 0111011011 






85 


; 1101111001 


: 0101111001 


; 1101111001 


: 0101111001 






86 


] 1011100101 


[ 1101100101 


] 1011100101 


[ 1101100101 






87 


- 1011011001 


- 1111100101 


- 1011011001 


— 1111100101 






88 


0000111001 


0000111001 


0000111001 


0000111001 






89 


9 1001111001 


) 1001011001 


HT 1601000001 


HT 1001000001 






Options: 












Internal oscillator (pins 1 


2,3) Pulse data ready 


signal 








Anv key down (pin 4) positive output 1 nternal resistor to Vod on shift and control 


3ins 








N key rollover only 


KR3600-STD outputs provides ASC 1 1 bits 1 


-6 on B1-B6, and bit 7 on B8 
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KR 3600-ST 



01 
02 
03 
04 
05 
06 
07 
08 
09 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 



47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



Normal 
B-123456789 

\ nnnnmim 

= ioiiiioio 

DC3 110010010 

— 101101001 

BS 000100010 

000011001 

• 011101001 
000000000 
000000000 
000000000 

/ 111101010 

• 011101001 
? 001101010 

m 101101110 
n 011101110 
b 010001110 
V 011011110 
c 110001101 
X 000111101 
z 010111110 
LF 010100001 
\ 001110101 
DEL 111111110 
[ 110110110 

7 111011010 

8 000111010 

9 100111001 
000000000 
000000000 
000000000 

; 110111010 

1 001101101 
k 110101110 

j 010101101 
h 000101110 
g 111001110 

f 011001101 
d 001001110 
s 110011110 
a 100001110 

000000000 

1 110111101 

GR 101100010 

■ 111001001 

4 001011010 

5 101011001 

6 011011001 
000000000 
000000000 
000000000 

p 000011110 
o 111101101 
i 100101101 
u 101011110 
y 100111110 
t 001011101 
r 010011101 
e 101001101 
w 111011101 
q 100011101 
000000000 



Shift 
B-123456789 



Control 
B-123456789 



+ 110101001 

DC3 110010010 

- 111110101 

BS 000100010 

000011001 
• 011101001 

000000000 
000000000 
000000000 
? 111111001 
> 011111010 
< 001111001 
M 101100101 
N 011100101 
B 010000101 

V 011010101 
C 110000110 
X 000110110 
Z 010110101 

LF 010100001 

! 001111110 

DEL 111111110 

1 101110110 

7 111011010 

8 000111010 

9 100111001 
000000000 

ooooodooo 

000000000 
: 010111001 
L 001100110 
K 110100101 
J 010100110 
H 000100101 
G 111000101 
F 011000110 
D 001000101 
S 110010101 
A 100000101 

000000000 

j 101111101 

GR 101100010 

" 010001001 

4 001011010 

5 101011001 

6 011011001 
000000000 

ooooooooo 

000000000 
P 000010101 
111100110 
I 100100110 
U 101010101 

Y 100110101 
T 001010110 
R 010010110 
E 101000110 

W 111010110 
Q 100010110 

ooooooooo 



61 


OOOOOOOOO 


ooooooooo 


62 


DC2 0100100Q1 


DC2 010010001 


63 


OOOOOOOOO 


ooooooooo 


64 


1 100011010 


1 10OO11010 


65 


2 010011010 


2 010011010 


66 


3 110011001 


3 110011001 


67 


OOOOOOOOO 


ooooooooo 


68 


OOOOOOOOO 


ooooooooo 


69 


OOOOOOOOO 


ooooooooo 


70 


000011001 


) 100101010 


71 


9 100111001 


( 000101001 


72 


8 000111010 


• 010101010 


73 


7 111011010 


& 011001010 


74 


6 011011001 


A 011110110 


75 


5 101011001 


% 101001010 


76 


4 001011010 


$ 001001001 


77 


3 110011001 


# 110001010 


78 


2 010011010 


@ 000000110 


79 


1 100011010 


! 100001001 


80 


OOOOOOOOO 


ooooooooo 


81 


ooooooooo 


ooooooooo 


82 


OOOOOOOOO 


ooooooooo 


83 


ooooooooo 


ooooooooo 


84 


OOOOOOOOO 


ooooooooo 


85 


SP 000001010 


SP 000001010 


86 


OOOOOOOOO 


ooooooooo 


87 


DC1 100010001 


DC1 100010001 


88 


HT 100100001 


HT 100100001 


89 


ESC 110110001 


ESC 110110001 



GS 101110001 

DC3 110010010 

CR 101100010 

BS 000100010 

000011001 

• 011101001 

ooooooooo 
ooooooooo 
ooooooooo 

Si 111100001 
SO 011100010 

FF 001100001 
CR 101100010 

50 011100010 
STX 010000010 
SYN 011010010 
ETX 110000001 

CAN 000110001 
SUB 010110010 
LF 010100001 
FS 001110010 
DEL 111111110 
ESC 110110001 

7 111011010 

8 000111010 

9 100111001 
OOOOOOOOO 
OOOOOOOOO 
OOOOOOOOO 

ESC 110110001 

FF 001100001 

VT 110100010 

LF 010100001 

BS 000100010 

BEL 111000010 

ACK 011000001 

EOT 001000010 

DC3 110010010 

SOH 1000O0010 

OOOOOOOOO 

ESC 110110001 

GR 101100010 

BEL 111000010 

4 001011010 

5 101011001 

6 011011001 
OOOOOOOOO 
OOOOOOOOO 
OOOOOOOOO 

DEL 000010010 

51 111100001 
HT 100100001 

NAK 101010010 

EM 100110010 

DC4 001010001 

DC2 010010001 

ENQ 101000001 

ETB 111010001 

DC1 100010001 

OOOOOOOOO 

OOOOOOOOO 

DC2 010010001 

OOOOOOOOO 

1 100011010 

2 010011010 

3 110011001 
OOOOOOOOO 

ooooooooo 
ooooooooo 

DLE 000010010 

EM 100110010 

CAN 000110001 

ETB 111010001 

SYN 011010010 

NAK 101010010 

DC4 001010001 

DC3 110010010 

DC2 010010001 

DC1 100010001 

OOOOOOOOO 

OOOOOOOOO 

OOOOOOOOO 

OOOOOOOOO 

OOOOOOOOO 

NUL 000000001 

OOOOOOOOO 

DC1 100010001 

HT 100100001 

ESC 110110001 



Shift/Control 
B-123456789 



VT 110100010 

DC3 110010010 

US 111110010 

BS 000100010 

000011001 

• 011101001 

ooooooooo 
ooooooooo 
ooooooooo 

US 111110010 
RS 011110001 
FS 001110010 
CR 101100010 

50 011100010 
STX 010000010 
SYN 011010010 
ETX 110000001 

CAN 000110001 

SUB 010110010 

LF 010100001 

FS 001110010 

DEL 111111110 

GS 101110001 

7 111011010 

8 000111010 

9 100111001 
OOOOOOOOO 
OOOOOOOOO 
OOOOOOOOO 

SUB 010110010 

FF 001100001 

VT 110100010 

LF 010100001 

BS 000100010 

BEL 111000010 

ACK 011000001 

EOT 001000010 

DC3 110010010 

SOH 100000010 

OOOOOOOOO 

GS 101110001 

GR 101100010 

STX 010000010 

4 001011010 

5 101011001 

6 011011001 
OOOOOOOOO 
OOOOOOOOO 

ooooooooo 

DEL 00001 0O10 

51 111100001 
HT 100100001 

NAK 101010010 

EM 100110010 

DC4 001010001 

DC2 010010001 

ENQ 101000001 

ETB 111010001 

DC1 100010001 

OOOOOOOOO 

OOOOOOOOO 

DC2 010010001 

OOOOOOOOO 

1 100011010 

2 010011010 

3 110011001 
OOOOOOOOO 

ooooooooo 
ooooooooo 

HT 100100001 

BS 000100010 

LF 010100001 

ACK 011000001 

RS 011110001 

ENQ 101000001 

EOT 001000010 

ETX 110000001 

NUL 000000001 

SOH 100000010 

OOOOOOOOO 

OOOOOOOOO 

OOOOOOOOO 

OOOOOOOOO 

OOOOOOOOO 

NUL 000000001 

OOOOOOOOO 

DC1 100010001 

HT 100100001 

ESC 110110001 



Options: Pin 1,2, 3— Internal oscillator 

Pin 4— Lockout (logic 1), rollover (logic 0) 
Pin 5— Any key down outout 



All outputs complemented 
Level data ready 
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KR 3600-PRO 



XY 


Normal 


Shift 


Control 


Shift/Control 


00 


000000000 


001000000 


010000000 


011000000 


01 


000000001 


001000001 


010000001 


011000001 


02 


000000010 


001000010 


010000010 


011000010 


03 


000000011 


001000011 


010000011 


011000011 


04 


000000100 


001000100 


010000100 


011000100 


05 


000000101 


001000101 


010000101 


011000101 


06 


000000110 


001000110 


010000110 


011000110 


07 


000000111 


001000111 


010000111 


0110O0111 


0& 


000001000 


001001000 


01O001000 


011004000 


09 


000001001 


001001001 


010001001 


011001001 


10 


000001010 


001001010 


010001010 


0110O1010 


11 


000001011 


001001011 


010001011 


011001011 


12 


000001100 


001001100 


010001100 


011001100 


13 


000001101 


001001101 


010001101 


011001101 


14 


000001110 


001001110 


010001110 


011001110 


15 


000001111 


001001111 


010001111 


0110O1111 


16 


000010000 


001010000 


010010000 


011010000 


17 


0OO010O01 


001010001 


010010001 


011010001 


18 


000010010 


001010010 


010010010 


011010010 


19 


000010011 


001010011 


010010011 


011010011 


20 


000010100 


001010100 


010010100 


011010100 


21 


000010101 


001010101 


010010101 


011010101 


22 


000010110 


001010110 


010010110 


011010110 


23 


000010111 


001010111 


010010111 


011010111 


24 


000011000 


001011000 


010011000 


011011000 


25 


000011001 


001011001 


010011001 


011011001 


26 


000011010 


001011010 


010011010 


011011010 


27 


000011011 


001011011 


010011011 


011011011 


28 


000011100 


001011100 


010011100 


011011100 


29 


000011101 


001011101 


010011101 


011011101 


30 


000011110 


001011110 


010011110 


011011110 


31 


000011111 


001011111 


010011111 


011011111 


32 


000100000 


001100000 


010100000 


011100000 


33 


000100001 


001100001 


010100001 


011100001 


34 


000100010 


001100010 


010100010 


011100010 


35 


000100011 


001100011 


010100011 


011100011 


36 


000100100 


001100100 


010100100 


0111OO10O 


37 


000100101 


001100101 


010100101 


011100101 


38 


000100110 


001100110 


010100110 


011100110 


39 


000100111 


001100111 


010100111 


011100111 


40 


000101000 


001101000 


010101000 


011101000 


41 


000101001 


001101001 


010101001 


011101001 


42 


000101010 


001101010 


010101010 


011101010 


43 


000101011 


001101011 


010101011 


011101011 


44 


000101100 


001101100 


010101100 


011101100 


45 


000101101 


001101101 


010101101 


011101101 


46 


000101110 


001101110 


010101110 


011101110 


47 


000101111 


001101111 


010101111 


011101111 


48 


000110000 


001110000 


010110000 


011110000 


49 


000110001 


001110001 


010110001 


011110001 


50 


000110010 


001110010 


010110010 


011110010 


51 


000110011 


001110011 


010110011 


011110011 


52 


000110100 


001110100 


010110100 


011110100 


53 


000110101 


001110101 


010110101 


011110101 


54 


000110110 


001110110 


010110110 


011110110 


55 


000110111 


001110111 


010110111 


011110111 


56 


000111000 


001111000 


010111000 


011111000 


57 


000111001 


001111001 


010111001 


011111001 


58 


000111010 


001111010 


010111010 


011111010 


59 


000111011 


001111011 


010111011 


011111011 


60 


000111100 


001111100 


010111100 


011111100 


61 


000111101 


001111101 


010111101 


011111101 


62 


000111110 


001111110 


010111110 


011111110 


63 


000111111 


001111111 


010111111 


011111111 


64 


100000000 


101000000 


110000000 


111000000 


65 


100000001 


101000001 


110000001 


111000001 


66 


100000010 


101000010 


110000010 


111000010 


67 


100000011 


101000011 


110000011 


111000011 


68 


100000100 


101000100 


110000100 


111000100 


69 


100000101 


101000101 


110000101 


111000101 


70 


100000110 


101000110 


110000110 


111000110 


71 


100000111 


101000111 


110000111 


111000111 


72 


100001000 


101001000 


110001000 


111001000 


73 


100001001 


101001001 


110001001 


111001001 


74 


100001010 


101001010 


110001010 


111001010 


75 


100001011 


101001011 


110001011 


111001011 


76 


100001100 


101001100 


110001100 


111001100 


77 


100001101 


101001101 


110001101 


111001101 


78 


100001110 


101001110 


110001110 


111001110 


79 


100001111 


101001111 


110001111 


111001111 


80 


100010000 


101010000 


110010000 


111010000 


81 


100010001 


101010001 


110010001 


111010001 


82 


100010010 


101010010 


110010010 


111010010 


83 


100010011 


101010011 


110010011 


111010011 


84 


100010100 


101010100 


110010100 


111010100 


85 


100010101 


101010-101 


110010101 


111010101 


86 


100010110 


101010110 


110010110 


111010110 


87 


100010111- 


101010111 


110010111 


111010111 


88 


100011000 


101011000 


110011000 


111011000 


89 


100011001 


101011001 


110011001 


111011001 



Options: 

Internal oscillator (pins 1, 2, 3) 

Lookout/rollover (pin 4), with internal resistor to VDO 

Lockout Is logic 1 



Any key down (pin 5), positive output 

Pulse data ready 

Internal resistorto VDD on shift & control pins 
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DESCRIPTION 



The KR 3600 PRO isa MOS/LSI device intended tosimplify 
tiie interface of a microprocessor to a keyboard matrix. 
Lj|<e the other KR 3600 parts, the KR 3600 PRO contains all 
of the logic to de-bounce and encode keyswitch closures, 



The output of the KR 3600 PRO is a simple binary code 
which may be converted to a standard information code 
by a PROM or directly by a microprocessor This permits 
a user maximum flexibility of key layout with simple 
field proarammina. 



The code in the KR 3600 is shown in Table I. The format 
is simple: output bits. 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at XO, YO and increments 
through X0Y1, X0Y2...X8Y9. Bit 9 is the LSB; bit 1 is 
the MSB. 



Bits 2 and 3 indicate the mode as follows; 
Bit 2 Bit 3 









Normal 





1 


Shift 


1 





Control 


1 


1 


Shift Control 



For maximum ease of use and flexibility, an internal 
scanning oscillator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An "any-key-down" output is provided for such uses as 
repeat oscillator keying. 

Figure 1 shows a PROM-encoded 64 key, 4 mode applica- 
tion, using a 256x8 PROM, and Figure 2 afull90key,4 mode 
application, utilizing a 512x8 PROM. 

If N-key rollover operation is desired, it is recommended 
that a diode be inserted in series with each switch as shown. 
This prevents "phantom" key closures from resulting if 
three or more keys are depressed simultaneously. 



FIGURE 1 

KR 3600 PRO TYPICAL APPLICATION 

64 KEY, 4 MODE 




FIGURE 2 

KR 3600 PRO TYPICAL APPLICATION 

90 KEY, 4 MODE 




STANDARD MICROSYSTEMS 
CORPORATIOM. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. Hovirever, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaserof the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATIOIM>j^^^S 



KR9600 
KR9601 
KR9602 



Keyboard Encoder Read Only Memory 

KEM 



FEATURES 

D On-chip "caps" lock (KR9601, KR9602) 
D On-chip auto repeat (KR9601, KR9602) 
D Contact bounce protection 
D N Key Rollover or Lockout operation 
D Hysteresis on keyboard matrix inputs 
D Tri-state TTL compatible data outputs 
D Serial output (on KR9602 only) 
D Quad Mode (Normal, shift, control, 

shift-control) 
D High frequency clock input 
D Pin-compatible with KR3600 (KR9600) 
D Static charge protection on all inputs 

and outputs 
D +5 volt supply 

EXTERNALLY SELECTABLE 
OPTIONS ON KR9600 AND KR9601 

D Pulse or level data ready output signal 

D External clock input 

D On chip master/slave oscillator 

D All 10 output bits available 

D Lockout/Rollover external selection 

D Chip enable external selection 

D Data complement control 

D Any Key Down output 

D Selectable Auto- Repeat rate 

D Programmable Auto-Repeat rate 



PIN CONFIGURATION 



FUNCTION 

OPTION / see "pin 


KR9600/KR9601 


xO 




1C 


340 


OPTION assignment 


2C 


339 


Xl 




OPTION J chart" 


311 


138 


x2 




OPTION "S 


4C 




337 


x3 




OPTION 1 


5C 




336 


x4 




OPTION ^ (B9onKR9600) 


611 




335 


x5 




data output B8 


7C 


334 


x6 




data output B7 


8C 


333 


x7 




data output B6 


911 


D32 


x8 




data output B5 


10C 


q3i 


delay node 




data output B4 


lie 


-|30 


Vcc 




data output B3 


12C 


b29 


shift input 




data output 82 


i3n 


328 


control Input 




data output B1 


14C 


□27 


caps lock (NC on KR9600) 




Gnd 


15C 


026 


y9 




data ready 


16C 


□25 


y8 




yo 


1711 


□24 


y7 




yi 


18C 


□23 


y6 




y2 


19n 


□22 


y5 




y3 


2on 


P21 


y4 




FUNCTION 

X3 




KR9602-XX 




X4 




in 




328 


X2 


2C 




327 


X5 




X1 


3C 




326 


X6 




XO 


4i: 




325 


X7 




Scan clock 


5E 




324 


X8 




Serial clock 


6C 




323 


Delay node 




Gnd 


It 




322 


Vcc 




Serial output 


8C 




321 


Shift 




yO 


9: 




320 


Control 




yi 


IOC 




319 


Caps Lock 




y2 


iin 




318 


y9 




y3 


12C 




317 


yS 




y4 


13: 




□ 16 


y7 




y5 


14: 




pi5 


y6 












GENERAL DESCRIPTION 



The KR9600/1/2 is a keyboard encoder that contains all the 
logic necessary to debounce and encode SPST key- 
switches into a fully decoded data output of up to 10 bits. 
The KR9600/1/2 contains a 3600 bit ROM, 9 stage and 10 
stage ring counters, a 10 bit comparator, timing circuitry, a 
90 bit memory to store the location of encoded keys for N 
key rollover operation, an externally controllable delay net- 



work for eliminating the effect of contact bounce, an output 
data buffer and TTL compatible output drivers. 
The KR9600 and the KR9601 provide a parallel data output 
in a 40 pin configuration with pin selectable options, while 
the KR9602 provides a serial asynchronous output in a 28 
pin configuration with mask programmable options. (Ref. 
KR9600/1/2 custom coding information sheet). 
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YqY, Y;Y3Y4 Ys Ys Y, Yg Y, 



30 



I 

J 

15, GND 



4^ 



GND 

11 

291 <| 
SHIFT » ■ 4 ■ 

CONTROL - 



28 



MODE 
DECODE 



GND 



CAPS I 
LOCK*-4- 



I > 



GND 



COMPLEMENT! 



CONTROL 
(OPTION) 



VlflMMfl'WWlfV 



SCALER 

▲ 



10 BIT COMPARATOR 



I 



▲ Not Available on KR960(D 



iuuuinnjuum 



10 STAGE RING 
COUNTER 



IfwlfldfirwwWW 



3600 BIT ROM 



(10 X 90 X 4) 
BITS KEYS MODES 



♦ Hi**HH 



MASTER/SLAVE 
OSCILLATOR 



C * (OPTION) 



CLOCK 
CONTROL 



GND 



n^ 



ENCODED 

KEY 
MEMORY 



TIMING 
CKT 



ii Ji 



STAGE 

RING 

COUNTER 



OUTPUT DATA 
BUFFER 



Wl'lflfUU,, |IU,( 



I 



> 

I 
I 

GND 



EXT 
-CLOCK 



FREQ 
CONT 



ARD 



RR1 

16 DATA 

READY 

31 STROBE 



}; 



ARO jIt UJliiJliii.iUlJl 



DELAY 



IJF 



ST 



■w- 

m 



ttl 

compatible 

output drivers 



I'ftfttttf^' 

B.oBgBeBjBeBsB.BjBjB, 



Y,Y2Y3Y,Y5Y6»'7Y8Yg 



90 SPST 
KEYBOARD 
SWITCHES 

ANY KEY 
■DOWN (OPTION) 
^CHIP 

ENABLE (OPTION) 

r-Lo/Ro (OPTION) 



w 

r- 
O 

o 

7s 

g 
> 
o 

> 



o 

J3 

7\ 

J3 
(O 

a> 

o 
o 

X 
to 
a> 
o 



Note: Refer to OPTION SELECTION TABLE for OPTION PIN SELECTION 
*R, (100K) C, (45 pF) provide approx. 50 KHz Clock Freq. 
**C2 (300 ns Delay/C„F) Rj supplied Internally 
***Diodes necessary for complete n Key Rollover operation 



YoY, Y2Y3Y4Y5Ye YiY, Ys 



OT-c\jco-*Ln<Dr^a> 



cn 



niiJiiiJiiiJuiJi 




Yo Y, Y2 Y3 Y4 Yi Yj Y, Yb Yg 



CD 

|- 

o 
o 

g 

> 
o 

> 

Tl 
O 

3) 

■H 

X 

m 
ja 

(O 

a> 
o 
10 



Note: "C2 (300 ns Delay/Cpp) Rj supplied internally 

"'Diodes necessary for complete n Key Rollover operation 



DESCRIPTION OF PIN FUNCTIONS 



NAME 


SYMBOL 


KR9600 KR9601 
PIN# PIN# 


KR9602 
PIN# 


FUNCTION 


X OUTPUTS 


X0-X8 


40-32 40-32 


4-1 
23 24 


External outputs from the 9-stage ring 
counter to the keyboard to form X-Y 

1 » luvi i/\ Will f ii t6 i\^'yijOat\A SWilCl l65 a5 

the crosspoints. 


Y INPUTS 


Y0-Y9 1 17-26 17-26 


9-18 


External inputs from the keyboard X-Y 
matrix. 


EXTERNAL CLOCK 
(see note) 


*** 


1 


1 


5 


External clock input. 


SERIAL CLOCK 


*** 


*** 


*" 


6 


Serial output Baud rate clock, for 
KR9602. 


DATA OUTPUTS 


B8-B1 


7-14 


7-14 


8 


Data outputs B1 -B8. Parallel outputs 
for the KR9600/9601 , serial output for 
the KR9602. 


DATA READY 


DR 


16 


16 


N/A 


This output, which can be a level or a 
pulse, signals that a key closure has 
been detected and that data is 
available at the output port. 


DELAY NODE 
INPUT 


DELAY 


31 


31 


23 


Externally controllable delay network 
for eliminating the effect of switch 
contact bounce. 


SHIFT INPUT 


SHIFT 


29 


29 


21 


This input is used to select the shift 
mode data. 


CONTROL INPUT 


CNTRL 


28 


28 


20 


This input is used to select the control 
mode data. Simultaneous assertion of 
shift and control inputs will place the 
encoder into the shift-control mode. 


CAPS LOCK 


CAPS 


see 
note 


27 


19 


This input "ANDed" with bit B9 of the 
ROM will cause a mode shift. See 
"programming options". 


POWER SUPPLY 


Vcc 


30 


30 


22 


+ 5V power supply. 


GROUND 


Gnd 


15 


15 


7 


Ground. 


OPTION PINS 




see 
note 


1-6 


N/A 


See option selection table for pin 
assignment. 



Note: Caps Lock and Auto-Repeat are not available on KR9600. 
See option selection table for pin assignment. 



DESCRIPTION OF OPERATION 

The main clocks for the KR9600 and KR9601 are derived 
from either an external clock source or the Internal oscil- 
lator. The KR9602 requires an external clock. The exter- 
nal clock is routed to a divider with a mask programmable 
division rate from 1 to 63 to generate the internal clock. 

The keys are scanned in a nine output by ten input matrix, 
each key having a unique input-output combination con- 
nected to it. The inputs all go selectively to a level detec- 
tor which has logically variable (1's and O's) levels and 
hysteresis. The outputs are enabled one at a time from 
output XO towards X8, at a rate of 10-100KHz, through a 
9 stage ring counter The 10 inputs are searched one at 
a time frorn YO to Y9, through' a 10 stage ring counter, 
each time one of the outputs is enabled. The output and 
input pins all have pullups to Vcc and are precharged each 
clock even if the scan is stopped at one key. When a level 
on the selected path to the comparator matches a level 
on the corresponding comparator input from the 10 stage 
ring counter and the key has not been encoded, the switch 
bounce delay network is enabled. The key down stroke 
is examined, without advance to the next key location, 
until the key has been stable for the length of the DELAY 
CAP pin to discharge. The code for the depressed key is 
transferred to the output data buffer and the data ready 
signal appears. 



The scan has two modes as determined by the LOckout/ 
Rollover option. Once a key is determined to be down the 
scan will not advance if in the LOckout mode. Conse- 
quently a new key closure is not detected until the pre- 
viously depressed key is released. The scan sequence 
will resume upon key release and the output data buffer 
stores the code of the last key encoded. In the Rollover 
mode a "1 " is stored in the encoded key memory and the 
scan sequence is resumed and the code for the last 
encoded key remains in the data output buffer. Each 
depressed key is encoded regardless of the state of the 
previously depressed keys. The internal keyboard ROM 
is JO bits^wide. Bits 1-8 are output via data outputs BI- 
BB. Bits 9 and 10 may be output as data and/or utilized 
respectively for Caps-lock and Auto-repeat select. This 
allows mask programmable selection of which keys will 
have caps-lock and auto-repeat. When selected, the auto 
repeat will commence with a "long" delay after key 
depression followed by "short" delays. The duration of 
the delays varying with the clock frequency and the state 
of the ARD, ARO, and AR1 signals. 

A Chip Enable input is available to enable the parallel 
output buffer. Data Ready can be put in the high-imped- 
ance state with Chip Enable (CE) or can be open drain 
as a mask programmable option to facilitate wire-oring 
as an interrupt. 
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In the serial output version of KR9602, when a key Is 
debounced and then called valid, the serial shift register 
Is loaded with the data (8 bits B1 -B8) from the ROM, the 
data from the parity generator, and the data from the start 
and stop bits generator. Bits B9 and B10 are Internally 
used respectively for Caps-lock and Auto-repeat select. 
The data register Is then allowed to shift data out at the 
rate of one bit per 1 6 clocks of the baud rate clock pin, on 
the negative edge of that clock.. If the baud rate clock Is 
too slow with respect to the Internal clock, and the key- 
board were allowed to continue scanning when the data 
register 4s4oaded,4h€4^ new data^xjuJd be l oade don top 
of shiftlng-outdata. 

To avoid this, if a new key is depressed before the pre- 
vious data Is fully shifted out of the device, Including the 
stop bits, the delay cap will be allowed to decay but the 
Internal logic will delay Its effect until the shift out of the 
previous data Is completed. If the new key is released 
before the end of the extended delay time It will not be 
encoded. 



OPTION SELECTION TABLE 

Since the selected coding of each key and all the options 
are defined during the manufacture of the chip, the cod- 
ing and options can be changed to fit any particular 
application of the keyboard. Up to 360 codes of up to ten 
bits can be programmed Into the KR9600/KR9601 ROM 
covering most popular codes such as ASCII, EBCDIC, 
SELECTRIC etc. as well as many specialized codes.* 

Pin Assignment for KR9600/KR9601 

The chip pins from pin #1 thru pin #6 are optionally con- 
nected to differing logic functions. Many of the functions 
are available on more than one pin. 



PIN 


FUNCTION (Input unless noted) 


1 


Ext clock (opt. internal divisor of 1 -63)** 


1 


Pin 1 of Internal oscillator. 


2 


Pin 2 of Internal oscillator. 


2 


Lo/Ro CC CE ARD** ARO** AR1** 


3 


Pin 3 of Internal oscillator. 


3 


Lo/Ro CC CE ARD** ARO** AR1** 


4 


AKO output 


4 


Lo/Ro CC CE ARD** ARO** AR1** 


5 


AKO or B10 output 


5 


Lo/Ro CC CE ARD** ARO** AR1** 


6 


B&Of AKO** output 



Options Available for the KR9602: 

The following options can be obtained on the KR9602 
only with a mask program, and are not pin selectable: 

Lo/Ro, CC, AUTO-REPEAT, LONG 
DELAY, SHORT DELAY, 
CLOCK DIVISOR 1,2,4,8,16,32,63; PARITY, 
1 OR 2 STOP BITS. 

Legend 

CC = COMPLEMENT 

CONTROL 
Lo/Ro = LOCKOUT/ 
ROLLOVER 



AKO = ANY KEY DOWN 
CE = CHIP ENABLE 
BIO = BIO (DATA) 
OUTPUT 



B9 = B9 (DATA) OUTPUT 

INTERNAL CLOCK = SELF CONTAINED OSCILLATOR 

(Not available in KR9602) 
EXTERNAL CLOCK = EXTERNAL FREQUENCY 

SOURCE 
ARD = INITIAL AUTO-REPEAT DELAY 
ARO, AR1 = SECONDARY AUTO-REPEAT DELAY, OR 

NO AUTO-REPEAT WHEN BOTH ARE FALSE. 

*Contact local sales office for custom coding sheet. 
**Not available on the KR9600. 



PROGRAMMING OPTIONS 

The various options on the KR9600 and KR9601 are user 
selectable via externally programmable pins, but they are 
fixed, internally mask programmed, for the KR9602. 

Oscillator: 

The. main clocks are derived from either an external clock 
source or from the Internal oscillator. The resultant sig- 
nal is then routed to a divider with a mask programmable 
division rate from 2 to 63. If no division is required then 
the divider is bypassed. The external clock requires one 
pin (pin #1), while the Internal oscillator needs three pins 
(pins #1 , 2, 3) for frequency selection via an external 
resistor and capacitor. 

Lockout/Rollover: LO/RO 

This option selects the operation of the key scan when a 
new key is detected. In Lockout the scan stops as long 
as the key is down. In Rollover the scan stops till the new 
key is debounced by the DELAY CAP and the key code 
is output. Then the key position is marked as down and 
the scan continues until another new key is seen. The 
option is selected either by an external pin or internally 
mask programmed, fixed in either state. The external 
Lockout selection is optionally hi or low active. A pull- 
down resistor to ground is optional. 

Complement Control: CC 

This option inverts the logic true state of the DATA OUT- 



PUTS and can optionally additionally invert the logic true 
state of the DATA READY pin. The option can be inter- 
nally fixed as true or false where true will output a high 
logic level. When externally selected the option can be 
either input high or low active true. The pulldown to 
ground is optional. 

Data Ready: 

The data ready pin is optionally either a pulse or level 
upon an output state ready to transfer. This transfer 
occurs when a new key is encoded or when the current 
key is repeating via the repeat logic. This output is indi- 
vidually capable of being disabled via CE or inverted via 
CC. To invert DATA READY is to have the pulse go logic 
low or the level fall to logic low active when the output is 
allowed to drive out of the chip. 

Any Key Down: AKO output 

The AKO output is an indicator to tell that there is at least 
one key determined to be depressed. The output is 
optionally logic high or low true. The CE can be sepa- 
rately used to set the output in the high impedance mode. 
AKO will reset one full keyboard scan time after the last 
key is released. AKO cannot be inverted by CC (comple- 
ment control). 

Chip Enable: CE 

The chip enable option can be internally fixed to true or 
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can be externally selected. When an external pin is used 
the true level is only low true. The true state means that 
the outputs connected to CE will go to the driven state 
from the high-impedance condition. Output pins B1-B10 
are always affected by Chip Enable (CE), optional for 

Data Do9H\/ QnH An\/ Wayi Plnu/n A m iUHnxnin +<^ nrm mri le 

__. . J ...J, .._j, __ ^ w J,.^ 

optional. 

Shift Control Lock: S C L 

These three pins determine what will be output in 
response to a new key being detected. The Caps Lock 
pin is optional on the KR9601 and KR9602 but it is not 
available on the KR9600. Ail three pins have optional 
pulldown resistors to ground. The Lock option is allowed 
if data bit nine of the ten data bits is programmed as true. 
In other words the Rom is read with no lock logic allowed, 
but with the full influence of the Shift and Control pins. 
This determines the B9 output which is used to see if this 
key can be shifted (be it a control code or not) by modi- 
fying the effect of the Shift upon a second read of the 
rom. The operation of the allowed Lock follows this table: 

L B9 S C Result 



N 
C 
S 
SC 

N 
C 
S 
SC 



L = CAPS LOCK 

B9 = DATA OUTPUT B9 

N = NORMAL 

S = SHIFT 

C = CONTROL 

SC = SHIFT and CONTROL 



F F N 
FTC 
T F S 
T T SC 



T T F F S Force N->S allow shift 

(ie m->M) 

T T F T SC Force C->SC shift of Control 

T T T F *S/N Opt Force S->N allow reverse 

(ie M->m) 

T T T T *SC/C Opt Force remove shift in 

SC->C Shift-Control 

*The mask programmable option for the removal of the shift is 
coded as either ON for all keys or OFF Note that the 89 DATA 
output (and all the others) is the code of the second decode. Note 
that shift only occurs when both the lock is true and the unmodi- 
fied code gives a 89 ROM output as true. 

Repeat: ARD ARO AR1 

When the Auto-repeat option is selected and a key is 
pressed, either of two delays can be selected. Typically 
a long initial delay after the key is pressed, and short 
delays afterwards if the key is still pressed. These delays 



consist of a programmable number of scan frequency 
time clocks varying from 2 to 131071 clock times. 

This option is masked programmable and dependent on 
the programming of the data bit 1 of the ten data outputs 
to be true for the resultant key code (after lock logic) and 
upon whether any repeat action shouia occur at aii. 

There are three optional pins associated with the auto 
repeat logic: ARO, AR1, and ARD. Each of these can 
individually optionally have a pulldown resistor to ground. 
ARD controls the selection of the initial repeat delay count 
code, while the combination of ARO and AR1 controls 
the selection of the short delays as shown below. If no 
external pins are desired then those functions can be 
mask programmed. 

TYPICAL INITIAL REPEAT DELAY COUNTS 

ARD = hi 80000 clock times 
ARD = low 40000 clock times 

The repeat delays are selected by a two bit code where 
one decode is used to disable the repeat operation 
completely. 

TYPICAL SECONDARY REPEAT COUNTS 

Count 

All Auto-Repeat Disabled 

6250 

3125 

1250 

Typical Example: 

One typical approach would be to mask program ARD 
for only one long delay value and mask ARO to ground. 
This way one can save two option pins for ARD and ARO 
and still be able to select or disable auto-repeat via AR1 
and have the option of having one fixed short delay value. 

ROM Data: 

The actual programming data is in 1 bit wide characters 
with four function codes for each key position. There are 
90 key positions organized as 9 "X" outputs with 10 "Y" 
inputs. The four functions as previously defined are Con- 
trol, Shift, Normal, and Shift-Control. 

The use of the optional Lock requires the programming 
of the 89 data bit. The use of the optional Auto-Repeat 
requires the programming of the 810 data bit. If the 89 
or 810 outputs are used then these will show the result 
of the contents of the "corrected" key function data bits. 
The "corrected" function is the possibly changed Nor- 
mal to Shift etc. etc. so that the output is that of the 'Shifted 
key code' NOT that of the initial key code. 



RO 


AR1 











1 


1 





1 


1 



Minimum Switch Closure: 

T = Switch bounce + (90x 1/f) + Strobe delay + Strobe width 



maximum determined determined minimum time 
expected by frequency by external required by 

of operation capacitance external circuitry 
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CONDITIONS: 

The clock divider is 1 so that Cll<l is "same as clocl< IN". 

A key is pressed down at XOYO but the delay cap has not timed out. 

Data Ready is high true and we have already had another key. 

DataRP = Data Ready as a Pulse DataRL = Data Ready as a Level 



Clkl 



xo 



XI 



X2 



_nxLJij~^fijn_rvi-rL-'~L-riJiJiJ~^^ 

-TT-TiJiJiTLn-n 



Delay Cap 



DataRP 



DataRL 



ii 



B1-B10 V 



k 



Condition: Test mode autorepeat at divide by 4 and keep l<ey down 



Clkl 

XO 

X1 

X2 

DelayCap 

DataRP 
DataRL 
B1-B10 



_n_rLJiJTJi^JU^iUTJTru^^V^r 



I i ! \ 



x± 



I I 



|T 
I I 



M 



U 



K 



longdelay- 



r^ 



• shortdelay — ^ 



569 



ELECTRICAL CHARACTERISTICS: KR9600, KR9601, KR9602 
MAXIMUM GUARANTEED RATINGS 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55°C to + 150°C 

■-Sau iSiTipSrSiu'S ^SOiuGmmQ, I \j S5C.; -j- 525"C 

Positive Voltage on any Pin, with respect to ground + 8.0V 

Negative Voltage on any Pin, with respect to ground /■i^rrr—- ~^..^. - 0.3V 




__...^T: ^£^*tocha^ I 

:o7o, unless oinerwise noieo) — " ' 



PARAMETER 


SYMBOL 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


D.C. CHARACTERISTICS 














INPUT VOLTAGE LEVELS 














Low Level 


V,L 






0.8 


V 


All inputs 


High Level 


V,H 


2.0 
2.2 






V 
V 


Except Y+ 16XCLK 
leXCLKonly 


Y INPUTS 














High Level 


Vyih 


2.8 






V 


Y input 


Low Level 


Vv,L 






0.8 


V 


Y input 


INPUT CURRENT 














Leakage 


II 






10.0 


(jlA 


All inputs except Y 
V,N = 5V 


Input with Pull-down resistor 














selected as option 




75 




220 


(jlA 


V,N = 5V 


Y inputs 


'yil 


-100 


-400 


-500 


(jlA 


Cyil = 1 volt 
Y inputs only 


OUTPUT VOLTAGE LEVELS 














Low Level 


Vol 






0.4 


V 


loL = 1 .6 mA 


High Level 


VoH 


2.4 






V 


loH = 100|xA 
Except X outputs 


X output voltage 


Vol 




0.4 




V 


600 |xA 




VoH 


3.4 


4.0 




V 


clock high 

loH= lOflA 


TRI-STATE LEAKAGE 








10 


|jlA 


B1-B10 


INPUT CAPACITANCE 














All inputs 


C|N 






10 


pF 


Except Y inputs 


POWER SUPPLY CURRENT 


Ice 




20 


40 


mA 


KR9600/01 




Ice 




15 


35 


mA 


KR9602 


A.C. CHARACTERISTICS 














CLOCK FREQUENCY* 


F,. 


0.01 




4 


MHz 


KR9601/02 






0.01 




0.1 


MHz 


KR9600 


16X CLOCK FREQUENCY 




DC 




640 


KHz 


KR9602 


Chip enable access time 


TeE 






250 


ns 




SWITCH CHARACTERISTICS 














Min switch closure 












see timing 
diagram 


Contact closure resistance 


Zee 

Zeo 


1 xlO^ 




300 


ohms 





NOTE: The KR9600 is a direct replacement for the KR3600. Please note that due to the logic level of the KR9600, when 
replacing the KR3600 in a N-Key rollover system where diodes are utilized, the polarity of the diodes must be 
reversed. 

*Divisor of KR9601/02 must be selected such that the resulting internal scan frequency is 10 KHz min to 100 KHz max. 
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KR9600-PRO DESCRIPTION 

The KR9600 PRO is a MOS/LSI device intended to sim- 
plify tine Interface of a microprocessor to a keyboard 
matrix. Like the other KR9600 parts, the KR9600 PRO 
contains all of the logic to de-bounce and encode key- 
switch closures, while providing either a 2-key or N-key 
rollover. 

The output of the KR9600 PRO is a simple binary code 
which may be converted to a standard Information code 
by aPROM or directly by a mTcroprocessor.ThTs permits 
a user maximum flexibility of key layout with simple field 
programming. 

The code in the KR9600 Is shown in Table 1. The format 
Is simple: output bits, 9, 8, 7, 6, 5, 4 and 1 are a binary 
sequence. The count starts at XO, YO and increments 
through X0Y1, X0Y2. . .X8Y9. Bit 9 is the LSB; bit 1 is the 
MSB. 



Bits 2 and 3 Indicate the mode as follows: 



Bit 2 


Bits 










Normal 





1 


Shift 


1 





Control 


1 


1 


Shift Control 



For maximum ease of use and flexibility, an Internal 
scanning oscillator is used, with pin selection of N-key 
lockout (also known as 2-key rollover) and N-key rollover. 
An "any-key-down" output is provided for such uses as 
repeat oscillator keying. 

Figure 1 shows a PROM-encoded 64 key 4 mode appli- 
cation, using a 256 x 8 PROM, and Figure 2 a full 90 key 
4 mode application utilizing a 51 2 x 8 PROM. 

If N-key rollover operation Is desired, it is recommended 
that a diode be inserted In series with each switch as 
shown. This prevents "phantom" key closures from 
resulting if three or more keys are depressed 
simultaneously. 



FIGURE 1 

KR9600 PRO TYPICAL APPLICATION 

64 KEY, 4 MODE 




FIGURE 2 

KR9600 PRO TYPICAL APPLICATION 

90 KEY, 4 MODE 
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TABLE 1 
KR9600-PRO CODING SHEET AND OPTIONS 



000000001 
000000010 
000000011 
0000001 00 
0OOO0O101 
000000110 
0000001 1 1 
000001000 
000001001 
000001010 
000001011 
000001100 
000001101 
000001110 
000001111 
000010000 
000010001 
0O0010O10 
000010011 
000010100 
000010101 
000010110 
000010111 
000011000 
000011001 
000011010 
000011011 
000011100 
000011101 
000011110 
000011111 
000100000 
000100001 
000100010 
000100011 
000100100 
0O010O101 
000100110 
000100111 

Oooioiooo 

000101001 
000101010 
000101011 
000101100 
000101101 
000101110 
000101111 
000110000 
000110001 
000110010 
000110011 
OOO1 10100 
000110101 
000110110 
000110111 
000111000 
000111001 
000111010 
000111011 
000111100 
000111101 
000111110 
000111111 
100000000 
100000001 
100000010 
100000011 
100000100 
100000101 
100000110 
100000111 
100001000 
100001001 
10OO01010 
100001011 
100001100 
100O011O1 
100001110 
100001111 
100010000 
100010001 
10O010O1O 
100010011 
100010100 
100010101 
100010110 
100010111 
100011000 
100011001 



001000001 
0O10O0010 
001000011 
001000100 
001000101 
001000110 
001000111 
001001000 
0010010O1 
001001010 
001001011 
O010O11OO 
001001101 
001001110 
001001111 
0O1O1OOOO 
001010001 
001010010 
001010011 
001010100 
001010101 
001010110 
001010111 
001011000 
001011001 
001011010 
OO1011011 
001011100 
001011101 
001011110 
001011111 
0O1 100000 
001100001 
0O1 100010 
001100011 
001100100 
001100101 
001100110 
001100111 
001101000 
001101001 
001101010 
001101011 
001101100 
001101101 
001101110 
001101111 
001110000 
001110001 
001110010 
001110011 
001110100 
001110101 
001110110 
001110111 
001111000 
001111001 
001111010 
001111011 
001111100 
001111101 
001111110 
001111111 
101000000 
1010OOOO1 
1010OOO10 
101000011 
101000100 
101000101 
101000110 
101000111 
101001000 
101001001 
101001010 
101001011 
101001100 
101001101 
101001110 
101001111 
101010000 
101010001 
101010010 
101010011 
101010100 
101010-101 
101010110 
101010111 
101011000 
101011001 



010000001 

010O0OO10 

01000001 1 

010000100 

010000101 

010000110 

010000111 

010001000 

010001001 

010001010 

010001011 

010001100 

010001101 

010O01110 

010O01111 

010010000 

010010001 

010010010 

010010011 

010010100 

010010101 

010010110 

010010111 

010011000 

010011001 

01OO11O10 

010011011 

010011100 

010011101 

010011110 

010011111 

010100000 

0101OOOO1 

010100010 

010100011 

0101OO10O 

010100101 

010100110 

010100111 

010101000 

010101001 

010101010 

010101011 

010101100 

010101101 

010101110 

010101111 

010110000 

010110001 

010110010 

010110011 

010110100 

010110101 

010110110 

010110111 

010111000 

010111001 

010111010 

010111011 

010111100 

010111101 

010111110 

010111111 

110000000 

110000001 

11OOOOO10 

110000011 

110O0O100 

110000101 

110000110 

110000111 

110001000 

110001001 

110001010 

110001011 

110001100 

110001101 

110001110 

110001111 

110010000 

110010001 

110010010 

110010011 

110010100 

110010101 

110010110 

110010111 

110011000 

110011001 



011000001 
011000010 
011000011 
011000100 
011000101 
011000110 

0110001 n 

0110O1OOO 
0110O1OO1 
011001010 
011001011 
011001100 
011001101 
011001110 
011001111 
011010000 
011010001 
011010010 
011010011 
011010100 
011010101 
011010110 
011010111 
011011000 
011011001 
011011010 
O11O11011 
011011100 
011011101 
011011110 
011011111 
01 1100000 
011100001 
011100010 
011100011 
011100100 
011100101 
011100110 
011100111 
011101000 
011101001 
011101010 
011101011 
011101100 
011101101 
011101110 
011101111 
011110000 
011110001 
011110010 
011110011 
011110100 
011110101 
011110110 
011110111 
011111000 
011111001 
011111010 
011111011 
011111100 
011111101 
011111110 
011111111 
111000000 
111000001 
111000010 
111000011 
1110O010O 
111000101 
111000110 
1110OO111 
111001000 
111001001 
111001010 
111001011 
111001100 
111001101 
111001110 
111001111 
111010000 
111010O01 
111010010 
111010011 
111010100 
111010101 
111010110 
111010111 
111011000 
111011001 



OPTIONS: 

Internal Oscillator (Rins 1, 2, 
Lockout/Rollover (Pin 4) 

Internal Resistor to GND 
Lockout is Logic 1 



Pulse Data Ready 

Any Key Down (Pin 5) Positive Output 

Internal Resistor to GND on Shift 

and Control Pins 
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CODING FOR KR9601 AND KR9602 STD 



Normal 


Shift 


Control 


Shift/Contral 


B-12345678910 


B-1234S678910 


B-12345673910 


B-12345678910 


0000000100 


0101010100 


10101001 00 


10101001 00 


0000001001 


0101011001 


1010101001 


1010101001 


0000001101 


0101011101 


1010101101 


10101011 01 


0000010001 


01011000 01 


10101100 01 


10101100 01 


00000101 01 


0101100101 


1010110101 


10101101 01 


00000110 01 


0101101001 


1010111001 


1010111001 


0000011101 


0101101101 


1010111101 


1010111101 


00001000 01 


01011100 01 


1011000001 


1011000001 


0000100001 


01011100 01 


1011000001 


1011000001 


00001001 01 


0101110101 


1011000101 


1011000101 


00001010 01 


0101111001 


1011001001 


1011001001 


0000101101 


0101111101 


1011001101 


10110011 01 


00001100 01 


ontioooooi 


•KMWtOe^M 


lottoiooet 


0000110001 


01100000 01 


1011010001 


10110100 01 


0000110101 


0110000101 


1011010101 


1011010101 


0000111001 


0110001001 


1011011001 


1011011001 


0000111101 


0110001101 


1011011101 


10110111 01 


00010000 01 


01100100 01 


1011100001 


10111000 01 


00010001 01 


0110010101 


1011100101 


10111001 01 


0001001001 


0110011001 


1011101001 


1011101001 


00010011 11 


01100111 11 


10111011 11 


10111011 11 


0001010011 


0110100011 


1011110011 


1011110011 


00010101 11 


0110100111 


10111101 11 


10111101 11 


0001011011 


0110101011 


1011111011 


1011111011 


00010111 11 


01101011 11 


10111111 11 


10111111 11 


0001100011 


0110110011 


1100000011 


1100000011 


0001100111 


01101101 11 


11000001 11 


11000001 11 


0001101011 


0110111011 


1100001011 


1100001011 


00011011 11 


01101111 11 


11000011 11 


11000011 11 


0001110011 


0111000011 


1100010011 


1100010011 


00011101 01 


0111000101 


11000101 01 


1100010101 


0001111001 


0111001001 


11000110 01 


1100011001 


0001111101 


0111001101 


1100011101 


1100011101 


0001111101 


01110011 01 


1100011101 


11000111 01 


0010000001 


01110100 01 


1100100001 


11001000 01 


00100001 01 


0111010101 


1100100101 


1100100101 


00100010 01 


01110110 01 


1100101001 


1100101001 


0010001101 


0111011101 


1100101101 


1100101101 


0010010001 


0111100001 


11001100 01 


1100110001 


0010010101 


0111100101 


1100110101 


1100110101 


0010011011 


0111101011 


1100111011 


1100111011 


0010011111 


01111011 11 


11001111 11 


11001111 11 


0010100011 


0111110011 


1101000011 


1101000011 


00101001 11 


01111101 11 


1101000111 


1101000111 


0010101011 


0111111011 


1101001011 


1101001011 


00101011 11 


0111111111 


1101001111 


11010011 11 


0010110011 


1000000011 


1101010011 


1101010011 


00101101 11 


10000001 11 


11010101 11 


11010101 11 


0010111011 


1000001011 


1101011011 


1101011011 


0010111011 


1000001011 


1101011011 


1101011011 


0010111101 


1000001101 


1101011101 


1101011101 


0011000001 


1000010001 


1101100001 


1101100001 


0011000101 


10000101 01 


1101100101 


11011001 01 


0011000101 


1000010101 


1101100101 


1101100101 
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OPTIONS FOR THE KR9601-STD: 

PINS 1, 2, 3 INTERNAL OSCILLATOR [Input clock divisor = 1] 

PIN 4 CE [Active Low] 

PINS AR 1 [ARO fixed at Lo = 0] 

[FIXED LONG DELAY OF 40000 CLOCK TIMES] 
[FIXED SHORT DELAY OF 6250 CLOCK TIMES] 
PIN 6 AKO [positive true] 

Pulsed DATA READY signal 
N-KEY ROLLOVER 
Pull-down resistor to ground at the following pins: 

_ SHIFT 

_ CONTROL 

_ CAPS-LOCK 

_ARO 



OPTIONS FOR THE KR9602-STD: 

N-KEY ROLLOVER 

AUTO-REPEAT 

(FIXED LONG DELAY OF 40000 CLOCK TIMES) 
(FIXED SHORT DELAY OF 6250 CLOCK TIMES) 
1 STOP bit. 
No PARITY bit. 
Input clock divisor of 63 
Pull-down resistor to ground at the following pins: 

—SHIFT 

—CONTROL 

—CAPS-LOCK 
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STROBE DELAY vs C2 FOR KR9600/1/2 
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OSCILLATOR FREQUENCY vs 
C1 FOR KR9600/KR9601 
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KEYBOARD LAYOUT FOR KR9601/9602-STD 
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STANDARD MICRO^Y^TFM^ P''*^"'' diagrams iJtilizing SMC products are included as a means of illustrating typical semiconductor applica- 
If^^J^X^^KJ^ilV'r *^^'^ ' "^ ' '••■y' J tions, consequently complete information sufficient for construction purposes is not necessarily given The 
I I wt*n Mrui H HM ^aa^^ass^^^samBm information has been carefiiflv rhnnkRri ar\i\ io holiouoH tn ho anti»K> i-aiiokio lj,^..«.».. i.r-:i.ti°<.. . 



CORPORATION 



>■»*■■», ws#.Is^,^4uoil>i, uwiiipioic II II ui M iduui I suiiikioMi lui uuiisii ubuuii puFposss IS noi necessaHiy given The 
information has been carefully checked and is believed to be entirely reliable. Hovrever no responsibil'ity is 
mmmmmmm^^mam assumed for inaccuracies. Furthermore, such infonnation does not convey to the purchaser of the semiconductor 
r35 Marcus aw, Haicpauge N.V 11788 devices described any license under the patent rights of SMC or others. SMC reserves the rioht to mAk» rhnnnn* 
1 15161273-3100 Twx.5io.227.889e at any time In order to improve design and supply the best product possible. cnangea 
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STANDARD MICROSYSTEMS 
CORPORATION^ 




SR5015-XXX 

SR 5015-80 
SR 5015-81 
SR 5015-133 



Quad Static Shift Register 



FEATURES 

D COPLAMOS® N Channel Silicon Gate 

Technology 
D Variable Length— Single Mask 

Programmable — 1 to 134 bits 
D Directly TTL-compatible on all inputs, 

outputs, and clock 
□ Clear function 

n Operation guaranteed from DC to 1 .0 MHz 
D Recirculate logic on-chip 
n Single +5.0V power supply 
D Low clock input capacitance 
D 16 pin ceramic DIP Package 
D Pin for Pin replacement for AMI S21 82, 83, 85 

APPLICATIONS 

n Memory Buffering 

D Unique Buffering Lengths 

n Terminals 

BLOCK DIAGRAM 



PIN CONFIGURATION 



INPUT A 1 






[OUTPUT A 


1 


V_yi6L 


RECABC 


2 


isf 


RID 


CLEAR 


3 


14f 


OUTPUT D 


INPUTS 


4 


13 


INPUT D 


OUTPUT B 


5 


12 


RECD 


GND 


6 


1lf 


NC 


Vcc 


^ 


10 


INPUT C 


OUTPUT C 


is 


9P 


CLOCK 



OUTPUT A 1 I OUTPUT C 



REC CONTROL ABC]>>-H t- 



inputa|]>- 




inputb]]>- 




T I 

OUTPUTS OUTPUT D 



CLOCK 
GENERATOR 



CLOCK CLEAR 




-<^ INPUT C 




-<^ RECIRC. INPUT D 
-<C. REC. CONTROL D 



-e:^ INPUT D 
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General Description 

The SMC SR 501 5-XXX is a quad static shift register family fabricated using SMC's COPLAMOS® N channel silicon gate 
process which provides a higher functional density and speed on a monolithic chip than conventional MOS technology. The 
COPLAMOS® process provides high speed operation, low power dissipation, low clock input capacitance, and single +5 volt 
power supply operation. 

Triese shift registers can be dnven oy eitner I ^L circuits or by MUK circuits and provide driving capability to MOS or T2L 
circuits. This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information. The SR 5015-80, SR 5015-81, and SR 5015-133 are respectively 80, 81, and 
133 bit quad shift registers. 

The recirculate control pin is common for registers A, B, and C. Register D has an independent recirculate control pin as 
well as a recirculate input pin. 

A clear pin has been provided that will cause the shift register to be cleared when the pin is at Vcc. A single T^L clocl< is 
required for operation. 

The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 

Bits 81 and 1 33 are available for flag storage. 

This device has been designed to be used in high speed buffer storage systems and small recirculating memories. 

Special custom configurations are achieved via single mask programming in lengths of 1 to 134 bits. 

MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -55°C to 4-150°C 

Lead Temperature (soldering, 10 sec.) -i-325°C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 

operation of the device at these or at any other condition above those indicated in the operational sections of this 

specification is not implied. 
ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V±5%, unless othenwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. Characteristics 
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V 




High Level, Vih 


Vcc- 1.5 




Vcc 


V 




OUTPUT VOLTAGE LEVELS 












Low Level, Vol 






0.4 


V 


loL=1.6ma 


High Level, Voh 


Vcc- 1.5 


4.0 




V 
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1.0 
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CLOCK, CLEAR 
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pf 
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A.C. Characteristics 
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TIMING DIAGRAMS 
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Description of Pin Functions 


Pin No. 


Symbol 


Name 


Function 


1 


A 


Input A 


Input signal which is either high or low depending on what 
word is to be loaded into shift register. 


2 


RECABC 


Recirculate ABC 


Input signal when high disconnects inputs from registers 
and connects outputs to inputs, thus recirculating 
data. Recirculates only A, B, C outputs. 


3 


CLR 


Clear 


Input signal when high forces outputs to a low state 
immediately and clears all the registers. 


4 


B 


Input B 


Input signal for B register. 


5 


Ob 


Output B 


Output signal for B register. 


6 


GND 


GND 


Power supply Ground. 


7 


Vcc 


-f 5 Volt 


5 volt power supply. 


8 
9 


Oc 
CLK 


Output C 
Clock Input 


Output signal for C register. 
Input signal which is normally low and pulses high to 
shift data into the registers. The data is clocked in on 
low to high edge of clock. 


10 


C 


Input C 


Input signal for C register. 


11 


NC 


NC 




12 


RECD 


Recirculate 
Control D 


Input signal which is normally low and, when goes high, 
disconnects Input D to register and connects 
Recirculate Input D to register. 


13 


D 


Input D 


Input signal for D register. 


14 


Od 


Output D 


Output signal for D register. 


15 


RID 


Recirculate 
Input D 


Input signal which is the input to the D register 
when Recirculate Control D is high: RECD=1. 


16 


Oa 


Output A 


Output signal for A register. 
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APPLICATIONS 



Line Buffer for CRT Display ... 80 Characters per line. 

CLK 
f SR501 



PAGE 
MEMORY 



CURSOR 
MEMORY 



Video Clock 
I 



SMC 
CG5004L-1 



II ll^'ll^'ii^'ii' 



RECIRCULATE 



DECODER 



SO Serial Data Output 



To Monitor Electronics 



SCAN 
COUNTER 



T 



End of Line Clock 



Line Buffer for IMatrix Printer ... 132 Characters per line. 

CLK 
I SR501! 



INTERFACE 

OR 

MEMORY 



P 



CHARACTER 
GENERATOR 

ROM(s) 
SMC CG4100 

SERIES 



, To Print Head 
Solenoid Drivers 



i SR501S-133 
CLK 

-^^ From System Timing 



STANDARD IVIICROSYSTEMS 
CORPORATION, 



I I51&Z73-31M TWX-510-JS7-B898 



Circuit diagrams utilizing SIVIC products are included as a n^eans of illustrating typical semiconductor applica- 
tions; consequently complete Information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for Inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION. 




SR5017 
SR5018 



Quad Static Shift Right/Shift Left Shift Register 

Last In First Out Buffer 



FEATURES 

D COMPLAMOS® N-Channel Silicon 

Gate Teclinology. 
D Quad 81 bit or Quad 1 33 bit 
D Directly Compatible with T2L, MOS 
n Operation Guaranteed from DC to 

1.0MHz 
n Recirculate logic on-chip 
D Single +5.0V power supply 
D Low clock input capacitance 
D Single phase clock at PL levels 
n Clear function 
D 16-pin Ceramic DIP Package 

APPLICATIONS 

n Bi-Directional Printer 
D Computers — Push Down 

Stack— LIFO 
n Buffer data storage — memory buffer 
D Delay lines — delay line processing 
D Digital filtering 



LH=0 



PIN CONFIGURATION 



INPUT D 
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RID 


12 


15 


GND 


OUTPUT D 
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14 
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CLEAR 
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13 
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OUTPUT A 


05 


12 


INPUTS 


URCON 


6 


11 


OUTPUTS 
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7 


10 


RECASC 


CLOCK 


ns 


9 


Vcc 



n Telemetry Systems 

D Terminals 

D Peripheral Equipment 



BLOCK DIAGRAM 
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> 
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T 



li ii 




^» <► 



CJ 




5 



f I 



REGISTER 
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— T" 



CLOCK 
GENERATOR 



CLOCK CLEAR 




-<^ INPUT C 




-<[rECIRC. INPUT D 
-< REC. CONTROL D 



-< INPUT D 
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General Description 

The SMC SR 5017 and SR 5018 are quad 133 (SR 5017) and quad 81 (SR 5018) bit static shift registers utilizing SIVIC's 
COPLAMOS® N channel silicon gate process. The COPLAMOS® process provides high speed operation, low power 
dissipation, low clock input capacitance, and requires only a single +5 volt power supply. 

These shift registers can be driven by either T^L nlrrults nr by MCiR nirnuits and nrnvirto rtnvinn rsanahiiitu tn Mn.c; to Tzi 
circuits. 

This device consists of four separate static shift registers with independent input and output terminals and logic for 
loading, recirculating or shifting information right or left. This shift left/shift right (L/R Control) control input is common to ail 
registers. 

The recirculate control input is common for registers A, B, and C. Register D has an independent recirculate control input 
as well as a Recirculate Input. 

A Clear input has been provided that will cause the shift register to be cleared when the input is at Vcc. A single T^L clock 
input is required for operation. 

The transfer of data into the register is accomplished on the low-to-high transition of the clock with the recirculate control 
low. For long term data storage the clock may be stopped and held in either logic state. Recirculate occurs when the 
recirculate control is high. Output data appears on the low-to-high transition of the clock pulse. 

Bits 8 1 or 1 33 are available for flag storage. 

MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range -SS'C to + 1 50°C 

Lead Temperature (soldering, 10 sec.) +325°C 

Positive Voltage on any Pin, with respect to ground +8.0V 

Negative Voltage on any Pin, with respect to ground -0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this 
specification is not implied. 

ELECTRICAL CHARACTERISTICS (Ta=0°C to 70°C, Vcc= +5V±5%, unless othenwise noted) 



Parameter 


Min. 


Typ. 


Max. 


Unit 


Comments 


D.C. Characteristics 
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V 




High Level, Vih 


Vcc— 1.5 




Vcc 


V 




OUTPUT VOLTAGE LEVELS 
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0.4 


V 


loL= 1 .6ma 


High Level, Voh 


Vcc— 1.5 


4.0 




V 


loH=100/Lia 


INPUT LEAKAGE CURRENT 






1.0 


fia 


ViN=Vcc 


CLOCK, CLEAR 
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pf 




All Other 
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A.C. Characteristics 










Ta=+25°C 


CLOCK 
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ns 




Transition, tr, tf 




0.02 


1.0 


MS 
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1.0 


MHz 
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INPUT DATA 












to, set-up 
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ns 




to, hold 
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ns 




PWd 


300 






ns 




OUTPUT DATA 












to, ACC 
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350 


ns 




RECIRCULATE CONTROL 












tR, set-up 


200 






ns 




tR, hold 


300 






ns 




PWr 
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ns 




CLEAR 












PWCLEAR 


20 






fJLS 
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Timing Diagram 



y \ V\ \ V 






Input Data • 



Output Data ■ 



PWd 
, set-up »-•"[-"■{ ' l-» to, hold 

_^ \ 



,tD, AGC 



"M. 



Recirculate 
Control 



^ 



1 set-up H UH I-»- tR hold 



Shift Left/Shift Right 
Control 
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/ 


500 ns »- 


tr 
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ns 


""! 
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Do Not 
Change 

Control 


N Shifts" 


Do Not 
Change 
Control 





•Shift occurs on the positive clock edge. 



y 
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Descripti 


on of Pin Functions 


Symbol 


Name 


Pin 


Function 


D 


Input D 


1 


Input signal for D register. 


RID 


Recirculate 


2 


Input signal wtiich is the input to the D register when recirculate 




Input D 




control D is high: RECD = 1 . 


Od 


Output D 


3 


Output signal for D register. 


CLR 


Clear 


4 


Input signal when high forces outputs to a low state immediately 
and clears ail the registers. 


Oa 


Output A 


5 


Output signal for A register. 


L/R CON 


Stiift Left/Shift 


6 


Input signal which is low for loading data and for shifting right. 




Right Control 




When L/R CON is high, the register will shift left. 


A 


Input A 


7 


Input signal which is either high or low depending on what word 
is to be loaded into shift register. 


CLK 


Clock Input 


8 


Input signal which is normally low and pulses high to shift data 
into the registers. The data is clocked in on low to high 
edge of clock. 


Vcc 


5 Volt 


9 


5 volt power supply. 


RECABC 


Recirculate 


10 


Input signal when high disconnects Inputs from registers and 




ABC 




connects outputs to inputs, thus recirculating data. Recirculates 
only A, B, C outputs. 


Ob 


Output B 


11 


Output signal for B register. 


B 


Inputs 


12 


Input signal for B register. 


C 


Input C 


13 


Input signal for C register. 


Oc 


Output C 


14 


Output signal for C register. 


GND 


GND 


15 


Ground. 


RECD 


Recirculate 


16 


Input signal which is normally low and, when goes high, 




Control D 




disconnects Input D to register and connects RECIRCULATE 
INPUT D to register. 
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Logic Diagram 







<: Q from 3rd Stage 



.79th 
Stage 



ll?\>in?IIr^^VNllslr' 



36^1 to 79th Stage | 



APPLICATION 



Line Buffer for Bidirectional Matrix Printer . . . 80/1 32 characters per line 



CLK 

|SR5017,SR,5018 



INTERFACE 

OR 

MEMORY 



i 



CHARACTER 
GENERATOR 

ROM(s) 
SMC CG4100 

SERIES 



To Print Head 
Solenoid Drivers 



I SR5017/SR5018 
CLK 



„L- DATA ENTRY 
^ AND LOOP CONTROL 



LOGIC 



-^^ From System Tir 



SIANDARD MICROSYSTEMS 9"'^^'^ diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
rrSpDnPATinM ^^^^^^^m ''°"^' consequently complete information sufficient for construction purposes is not necessarily given The 
y^>^l^r'\Jt\.m njl^j^ ^^^^^^^m information has been carefully checl<ed and is believed to be entirely reliable. However no responsibility is 
K^!;;^!S!ri!!^u!!77^t assumed for inaccuracies. Furthermore, such information does not convey to the purchaser ijf the semiconductor 
W6IJ73.3100 IWX-510-227-8J9! devicBS described any license under the patent rightsof SMC or others. SMC reserves the right to mal<e changes 
at any time in order to improve design and supply the best product possible. 
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^fg^0^ Microprocessor Products 



Part 
Number 


description 


Size 


Process 


Speed 


Power 
Supplies 


Package 


Pajje 


MPU800 


Microprocessor 


8 Bit 


CMOS 


2.5 MHz 


5V 


40 DIP 


587-610 


MPU800-1 


Microprocessor 


8 Bit 


CMOS 


1.0 MHz 


5V 


40 DIP 


587-610 


MPTJ800-4 


Microprocessor 


8 Bit 


CMOS 


4.0 MHz 


5V 


40 DIP 


587-610 


MPU810A 


RAM-I/O-Timer 


8 Bit 


CMOS 


2.5 MHz 


5V 


40 DIP 


611-622 


MPU810A-1 


RAM-I'O-Timer 


8 Bit 


CMOS 


1.0 MHz 


5V 


40 DIP 


611-622 


MPU810A-4 


RAM-LO-Ttmer 


8 Bit 


CMOS 


4.0 MHz 


5V 


40 DIP 


611-622 


MPU830 


ROM-I/O 


8 Bit 


CMOS 


2.5 MHz 


5V 


40 DIP 


623-630 


MPU830-1 


ROM-LO 


8 Bit 


CMOS 


1.0 MHz 


5V 


40 DIP 


623-630 


MPU830-4 


ROM-I'O 


8 Bit 


CMOS 


4.0 MHz 


5V 


40 DIP 


623-630 


MPU831 


LO 


8 Bit 


CMOS 


2.5 MHz 


5V 


40 DIP 


623-630 


MPU831 


LO 


8 Bit 


CMOS 


1.0 MHz 


5V 


40 DIP 


623-630 


MPU831-4 


I.O 


8 Bit 


CMOS 


4.0 MHz 


5V 


40 DIP 


623-630 
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STANDARD MICROSYSTEMS 
CORPORATION.fi 




MPU 800 
MPU 800-1 
MPU 800-4 

PRELIMINARY 



High-Performance 
Low-Power Microprocessor 



FEATURES 

D Variable Power Supply: 2.4V - 6.0V 

D Fully Compatible Wth Z80® Instruction Set 

D Pin-Compatible With NSC800 

n Powerful Set of 158 Instructions 

n 10 Addressing Modes 

n 22 Internal Registers 

n Low Power: 50 mW at 5 V Vcc 

n Multiplexed Bus Structure 

n On Chip Bus Controller and Clock Generator 

n On-Chip 8 bit Dynamic RAM Refresh Circuitry 

n Three Speed Versions: 

MPU800-4 4 MHz 

MPU800 2.5 MHz 

MPU800-1 1 MHz 
D Capable of addressing 64 k bytes of memory, and 

256 I/O devices 
n Five interrupt request lines on-chip 
n Schmitt trigger input on reset 
D Power-Save Feature 



PIN CONFIGURATION 

— ■ 1 


A8C 


1» 40 


3 Vcc 


A9C 


2 39 


3F5 


A10C 


3 38 


DVWTf 


All C 


4 37 


b RESET OUT 


A12C 


5 36 


D SReo 


A13n 


6 35 


3 BACK 


A14C 


7 34 


2 10/ra 


A15C 


8 33 


3 AESet IN 


CLKC 


9 32 


im 


XOUTC 


10 31 


3vm 


XINC 


11 30 


3 ALE 


ADOC 


12 29 


3 80 


AD1 C 


13 28 


3 RPSh 


AD2C 


14 27 


3 31 


AD3C 


15 26 


3 INTA 


AD4C 


16 25 


3 iKlTR 


AD5C 


17 24 


3pSTC 


AD6C 


18 23 


J RSTB 


AD7d 


19 22 


3 RSTa 


GNDC 


20 21 


3 nM 









GENERAL DESCRIPTION 



The MPU800 is an 8 bit microprocessor that functions as 
the central processing unit (CPU) in Standard Microsys- 
tems MPU800 microcomputer family. The device is fabri- 
cated in double-poly CMOS to combine high performance 
with the low-power of CMOS. 

Many system functions are incorporated on the device 



including: vectored priority interrupts, refresh control, 
power save, and interrupt acknowledge. 

Dedicated peripherals (MPU81 Ram I/O Timer, MPU830 
ROM I/O Timer, and (MPU831 I/O Timer) have on-chip 
logic for direct interface to the MPU800. 



Z80 is a registered trademarl< of Zilog Corporation. 
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[ 



(?5) (26) (22) (23) (24) (21) 
INTfl INTA RSW RSTB 7S5TU MI 

i t 1 i 11 



INTERRUPT CONTROL 



8-BIT INTERNAL DATA BUS 



t"^ 



00 

00 



POWER 
SUPPLY 









FLAG 


(6) 








FLIP-FLOPS 


r (40) 

►Vcc 


t 




(20) 
— ►CND 






1 ^ 


ARITHMETIC 








LOGIC 


CLK 
OUT 


RFSH WAIT 


RD 


UNIT 
(ALU) 


(9) 


(28) (38) 


(32) 




8) 



(11) 

XIN ' 



XOUT 
(10) 



t t 1 t 




A (8) 


F (8) 


H (8) 


L (8) 


D (8) 


E (8) 


B (8) 


C (8) 



INSTRUCTION I 
REGISTER (8)1 



INSTRUCTION 
DECODER 

AND 
MACHINE 

CYCLE 
ENCODING 



CLK 
GEN 



TIMING AND CONTROL 



CONTROL 



TTTTTTTTTT 

WR ALE PS SO SI 10/ M BREO BACK RESET RESET 
(31) (30) (39) (29) (27) (34) (36) (35) IS OUT 

(33) (37) 



(16) 



"wT 



(16) 



R (8) 



STACK POINTER (16) 



PROGRAM COUNTER (16) 



INCREMENTER 
DECREMENTER (16) 
ADDRESS LATCH 



I ADDRESS 
BUFFER (8) 



REGISTER 
ARRAY 




I DATA/ADDRESS I 
BUFFER (8)1 



I (1-8) |(i: 



A(8-15) 
ADDRESS BUS 



(12-19) 



A0(0-7) 
ADDRESS/ DATA BUS 



CPU Functional Block Diagram 



DESCRIPTION OF PIN FUNCTIONS 



PIN NO 


NAME 


SYMBOL 


FUNCTION 


40 


+ 5 Volt 


Vcc 


+ 5 volt supply 


20 


Ground 


GND 


Ground 


10 


Crystal Out 


XOUT 


Crystal connection 


11 


Crystal In 


XIN 


Crystal connection; XIN may be used as an external clock input 


Input/Output Signals 


12-19 


Address/Data 


AD0-AD7 


Mujtiplexed Address/Data. Active high 
At RD Time: Input data to CPU. 
At WR Time: Output data from CPU. 
At Falling Edge 

of ALE Time: Least significant byte of address during memory 
reference cycle. 8-bit port address during I/O 
During BREQ/ reference cycle. 
BACK Cycle: High impedance. 


Input Signals | 


33 


Reset In 


RESET IN 


Active low. Sets A (8-1 5) and AD (0-7) to TRI-STATE® (high impedance). 
Clears the contents of PC, 1 and R registers, disables interrupts, and 
causes a reset output to be activated. 


36 


Bus Request 


BREQ 


Active low. Used when another device is requesting the system bus. 
BREQ is recognized at the end of the current machine cycle, then A(8- 
1 5), AD(0-7), lO/M , RD, and WR are set to the high impedance mode and 
the request is acknowledged via the BACK output signal. 


21 


Non-Maskable 
Interrupt 


NMI 


Active low. The non-maskable interrupt, generated by the peripheral 
device(s), is the highest priority interrupt request line. The interrupt is 
edge sensitive and only a pulse is required to set an internal flip-flop 
which generates the internal interrupt request. Since the NMI flip-flop is 
monitored on the same clock edge as the other interrupts, it must also 
meet the minimum set-up time spec for the interrupt to be accepted in 
the current machine instruction. Once the interrupt is accepted the flip- 
flop is reset automatically. Its execution is independent of the interrupt 
enable flip-flop. NMI execution involves saving the PC on the stack and 
automatic branching to restart address X'0066 in memory. 


22-4 


Restart Interrupt 
A,B,C 


RSTA, RSTB, 
RSTC 


Active low level sensitive. Restarts generated by the peripherals are rec- 
ognized at the end of the current instruction if their respective interrupt 
enable bits and master enable bit are set. Execution is identical to NMI 
except interrupts are enabled for the following restart addresses: 
Name Restart 

Address (X') 
NMI 0066 
RSTA 003C 
RSTB 0034 
RSTC 002C 
INTR (Model) 0038 
The order of priority is fixed (highest first) as follows: 

^) NMI 2) RSTA 3) RSTB 4) RSTC 5)INTR 


25 


Interrupt Request 


INTR 


Active low level sensitive. An interrupt request input generated by a 
peripheral device is recognized at the end of the current instruction pro- 
vided that the interrupt enable and master interrupt enable bits are set. 
INTR is the lowest priority interrupt request input. Under program con- 
trol, INTR can be executed in three distinct modes in conjunction with 
the INTA output. 


38 


Wait 


WAIT 


Active low. When set low during RD, WR or INTA machine cycles, the 
CPU extends its machine cycle in increments of t (wait) states. The wait 
machine cycle continues until the WAIT input returns high. 
The wait strobe input will be accepted only during machine cycles that 
have RD, WR or INTA strobes and during the machine cycle immediately 
after an interrupt has been accepted by the CPU. The later cycle has its 
RD strobe suppressed but it will still accept the wait. 


39 


Power Save 


PS 


Active low. PS is sampled at the end of the current instruction cycle. 
When PS is low, the CPU stops executing at the end of current instruc- 
tion and keeps itself in the low-power mode. Normal operation resumes 
when PS is returned high. 



TRI-STATE* is a registered trademark of National Semiconductor Corporation. 
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PIN NO 



NAME 



SYMBOL 



FUNCTION 



Output Sig nals 
35 



1-8 



37 



Bus Acknowledge 



Address Bits 8-15 



Reset Out 



BACK 



Afl.A15 



RESET OUT 



34 Input/Output/Memory 



28 



30 



32 



Refresh 



Address Latch Enable 



Read Strobe 



lO/M 



Active low. BACK indicates to the bus requesting device that the CPU 
bus and its control signals are in the TRI-STATE mode. The requesting 
device may then take control of the bus and its control signals. 



Artiuo hinh Thoeo arotha mnctcinnifirNant Q Wt*o />f tWo mnmnn. n^>J.~_» 

during a memory instruction. During an I/O instruction, the port address 
on the l ower 8 bits of address get duplicated onto these 8 bits. During a 
BREQ/BACK cycle, the A (8-15) bus is in the TRI-STATE mode. 



Active high. When RESET OUT is high, it indicates the CPU is being 
reset. The signal is normally used to reset the peripheral devices. 



RFSH 



ALE 



RD 



An active high on the lO/M output signifies that the current machine 
cycle is relative to an input/output device. An active low on the lO/M out- 
put signifies that t he current ma chine cycle is relative to memory. It is 
TRI-STATE during BREQ/BACK cycles. 



Active low. The refre sh out put indicates that the dynamic RAM refresh 
cycle is in progress. RFSH goes low during T3 and T4 states of all Ml 
cycles. During the refresh cycle, AD(0-7) has the refresh address and 
A(8-15) indicates the interrupt vector register I. 



ALE is active only during the T1 state of any M cycle and also T3 state of 
Ml cycles. The high to low transition of ALE indicates that a valid 
memory/l-O/refresh address is available on the AD(0-7) lines. 



Active low. On the trailing edge of the RD strobe, data is input to the CPU 
via the AD(0-7 ) lines. The RD line is in the TRI-STATE mode during 
BREQ/BACK cycles. 
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Write Strobe 



WR 



Clock 



While the WR line is low, valid data is output by the CPU on the A D(0-7) 
lines. The WR line is in the TRI-STATE mode during BREQ/BACK cycles. 



CLK 



CLK is an output provided for use as a system clock. The CLK output is a 
square wave at one half the input frequency. 
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Interrupt Acknowledge 



INTA 



29,27 



Status 



Active low. The interrupt acknowledge output is acti vated in the M 1 cycle 
(S) immediately following the t state in which the INTR input is recog- 
nized. [Output is normally used to gate the interrupt response vector 
from the peripheral controller onto the AD(0-7) lines.] It is used in two of 
the three interru pt mo des. In mode 0, an instruc tion is gated onto the AD 
(0-7) line during INTA. There will be fr om 1 to 4 INTA strobes issued for 
each mode interrupt. The amount of INTA strobes issued is instruction 
dependent. In mode 2, a sing le interrupt response vect or is g ated onto 
the data bus. In mode 1 , INTA is not used. In this mode, INTR functions 
like the restart interrupts. 



SO, SI 



Bus status outputs indicate encoded information regarding the ensuing 
M cycle as follows: 



Machine Cycle 




Sta 


tus 


Control 


SO 


ST 


lO/M 


RD 


WR 


Opcode Fetch 


1 


1 








1 


Memory Read 





1 








1 


Memory Write 


1 








1 





I/O Read 





1 


1 





1 


I/O Write 


1 





1 


1 





Halt* 














1 


Internal Operation* 





1 





1 


1 


Acknowledge of Int* * 


1 


1 





1 


1 



*ALE is not suppressed in this cycle. 

* This is t he cyc l e that occurs i mme diately after the CPU accepts an interrupt 
(R§TA, RgTB, RSTC, INTR.NMi). 

Note 1 : During halt, CPU continues to do dummy opcode fetch from location fol- 
lowing the halt instruction with a halt status. This is so CPU can continue to do its 
dynamic RAM refresh. 

Note 2: No early status is provided for interrupt or hardware restarts. 
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TIMING CONTROL 

All necessary timing signals are provided by a single state 
inverter oscillator contained on the MPU800 chip. The 
chip operation frequency is equal to one half of the fre- 
quency of this oscillator The oscillator frequency can be 
controlled by one of the following methods: 

1. Leaving the XOUT pin unterminated and driving the 
XIN pin with an externally generated clock as shown in 
Figure 1a. When driving XIN with a square wave, the 
minimum duty cycle is 30o/o-70%, either high or low. 

2. Connecting a crystal with the proper biasing network 
between XIN and XOUT as shown in Figure 1b. Rec- 
ommended crystal is a parallel resonance AT cut crys- 
tal. 

Resistor capacitor feedback network described in earlier 
data sheets will not oscillate due to gain of internal inverter 
circuit. A modification of this circuit by adding two invert- 
ers in series between the RC network and XIN will work. 

The CPU has a minimum clock frequency input (@ XIN) of 
32 kHz, which results in 16 kHz system clock speed. All 
registers internal to the chip are static, however there is 
dynamic logic which limits the minimum clock speed. The 
input clock can be stopped without fear of losing any data 
or damaging the part. You stop it in the phase of the clock 
that has XIN low and CLK OUT high. When restarting the 
CPU, precautions must be taken so that the input clock 
meets minimum specification. Once started, the CPU will 
continue operation from the same location at which it was 
stopped. During DC operation of the CPU, typical current 



drain will be 2mA. This current drain can be reduced by 
placing the CPU in a wait state during an opcode fetch 
cycle then stopping the clock. 

FUNCTIONAL DESCRIPTION 

The MPU800 is an 8-bit general purpose microprocessor 
designed for stand-alone and DMA (direct memory 
access) applications. A minimum system can be con- 
structed with an MPU800, and MPU810 (RAMI/0 Timer) 
andan27Cl6(EPROM). 

MPU800 uses a multiplexed bus for data and addresses. 
The 1 6-bit address bus is divided into a high-order 8-bit 
address bus that handles bits 8-15 of the address, and a 
low-order 8-bit mulitplexed address/data bus that handles 
bits 0-7 of the address and bits 0-7 of the data. Strobe out- 
puts from the MPU800 (ALE, RD and WR) indicate when a 
valid address or data is present on the bus. lO/M indicates 
whether the ensuing cycle accesses memory or I/O. 

During an input or output instruction, the CPU duplicates 
the lower half of the address [AD(0-7)] onto the upper half 
[A(8-1 5)]. The eight bits of address will stay on A(8-1 5) for 
the entire machine cycle. 

Figure 2 illustrates the timing relationship for opcode fetch 
cycles with and without a wait state. Figure 3 illustrates the 
timing relationship for memory read and write cycles with 
and without a wait state. Input/output cycles with and with- 
out wait state are shown in Figure 4. One wait state is auto- 
matically inserted into each I/O instruction. 




t(XIN) 

2 



CLK 
XIN XOUT 



fjXTAy 
■ 2 



R = 1M 
C1=20pF 
02 = 34 pF 
(Recommended) 



T T 



FIGURE 1. Timing Control Configurations 
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A(8-15| 



~x 



ADDRESS (8-15) 



wsa 



/M, SO, SI Y 



)C 



l-VECTOR 



\ 



IO/M = 0, S0 = 1,S1=1 



:)c 






FIGURE 2a. Opcode Fetch Cycles without WAIT States 



AD(a-7) 



A(8-15) 



WSTT 




RFSH 



/M, SO, SI V^ 



FIGURE 2b. Opcode Fetch Cycles with WAIT States 
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FIGURE 3a. Memory Read/Write Cycles without WAIT States 



A(8-15) 



AD(0-7) 




AD(0- 



"ZJX """ ^ 



OUT 0(0-7) 



zx: 



\ 



lO/M, SO, S1 



ZK 



ORO ,.. IRQ 

1WR' OWR 



IO/M = 0, S0="^,S1 = nu7g 




/ 



± 



ruT^:— .- 



FIGURE 3b. Memory Read and Write with WAIT States 
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A(8-15) 



AD(0-7) 



AD(0-7) 



lO/M, SO, SI 




FIGURE 4a. Input and Output Cycles without WAIT States 



A|8-15) 



AD(0-7) 



AD(0-7) 



lO/M. SO, SI 




* WAIT state automatically Inserted during 10 operation. 



FIGURE 4b. Input and Output Cycles with WAIT States 
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INITIALIZATION 

The MP U800 and its peripheral com ponents ar e initial- 
ized by RESET IN and RESET OUT RESET IN input is 
associated with an on-chip Schmitt trigger that facilitates 
using an R-C network power-on reset scheme (Figure 5). 

To ensure proper power-up conditions for the NSC800, the 
following power-up and initialization procedure is recom- 
mended: 



1, 



Apply power (Vcc and GND) and set RESET IN active 
(low^. Allow sufficient time (approximately 100 ms if 
crystal us ed) for the oscillator and internal clocks to 
stabilize. RESET IN must remain low for at least 3t 
state (CLK) times. RESET OUT, following the clock sta- 
bilization period, responds by going high, indicating to 
the system that the MPU800 is being reset. RESET 
OUT signal becomes available to reset the periph- 
erals. 



2. Set RESET IN high, following which the RESET OUT 
goes low and the CPU initiates the first opcode fetch cycle. 

NOTE: The MPU800 initialization includes: Clear PC to X'OOOO 
(the first opcode fetch, therefore, is from memory location 
X'OOOO). Clear registers I (Interrupt Vector Base) and R (Refresh 
Counter) to X'OO. Clear interrupt control register bits lEA, lEB 
and lEC. The interrupt control bit lEI is set to 1 to maintain 
INS8080A/Z80A compatibility (see INTERRUPTS for more 
details). Maskable inte rrupts are disabled and the CPU enters 
Interrupt Mode 0. While RESET IN is active (low), the A(8-1 5) and 
AD(0-7) lines go to high impedance (TRI-STATE) and all CPU 
strobes go to the inactive state. 



BUS ACCESS CONTROL 

Figure 6 illustrates bus access control in the M PUSOO. The 
external device controller produces an active BREQ sig- 
nal that requests the bus. When the CPU responds with 
BACK then the bus and related control strobes go to high 
impedance (TRI-STATE). It should be noted that (1) BREQ 
is sampled at the last t state of any M machine cycle only. 
(2) the MPU800 will not acknowledge any interrupt/restart 
requests, and will n ot perf orm any dynamic RAM refresh 
functio ns until after BREQ input signal is inactive high. (3) 
BREQ signal h as priority over all interrupt request signals, 
should BREQ and interrupt request become active simul- 
taneously. 



Vcc 



T 



c 

10 /iF 



Vcc 

MPU800 
RESET IN RESET OUT 



INDICATES WHEN CPU 
IS BEING RESET 



FIGURE 5. Power-On Reset 



BUS AVAILABLE STATES- 




*S0, SI during BREQ will Indicate same machine cycle as during cycle when BREQ was accepted. 
t2 = time states bus and control signals are in high impedance mode. 



FIGURE 6. Bus Acknowledge Cycle 
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REGISTER CONFIGURATION 

The MPU800 contains 22 programmable registers as 
shown in Figure 7. The CPU working registers are 
arranged in two 8-register configurations, each of which 
includes an 8-bit accumulator, a flag register, and six gen- 
eral purpose 8-bit registers. Only one 8-bit register set 
may be active at any given mnment Hnweyor cimnjo 
instructions exist that'alfow the programmer to exchange 
the active and alternate register sets. 

It should also be noted that the six 8-bit general purpose 
registers (B, C, D, E, H, and L) can be accessed as 16-bit 
registers (BC, DE, and HL). The functions of these 
become apparent in the instruction set description. 



CPU Main Working Register Set 



Accumulator 
Register B 
Register D 
Register H 



(8) 
(8) 
(8) 
(8) 



Flags F 
Register C 
Register E 
Register L 



(8) 
(8) 
(8) 
(8) 



CPU Alternate Working Register Set 

Accumulator A' (8) Flags F' (8) 

Registers' (8) Register C (8) 
Register D' (8) Register E' (8) 
Register H' (8) Register L' (8) 

CPU Dedicated Registers 

Index RegisterIX (16) 

Index Register lY (16) 

Interrupt Vector 

Register I (8) 

Memory Refresh 

Register R (8) 

Stack Pointer SP (16) 

Program 

Counter PC (16) 

FIGURE 7. Register Configuration 



DEDICATED REGISTERS: 

Program Counter (PC): The program counter contains 
the 1 6-bit address of the current instruction being fetched 
from memory. The PC is incremented after its contents 
have been transferred to the address lines. When a pro- 
gram jump occurs, the new address is placed in the PC, 
overriding the incrementer. 

Stack Pointer (SP): The stack pointer contains the 1 6-bit 
address of the current top of a stack located in external 
system RAM memory. The external stack memory is orga- 
nized as a last-in, first-out (LIFO) file. The stack allows sim- 
ple implementation of multiple level interrupts, virtually 
unlimited subroutine nesting and simplification of many 
types of data manipulation. 

Index Registers (IX and lY): The two 16-bit index regis- 
ters hold a 16-bit base address used in indexed address- 
ing modes. In this mode, an index register is used as a 
base to point to a region in memory from which data is to 
be stored or retrieved. An additional byte is included in 
indexed instructions to specify a displacement from this 
base. This displacement is specified as a two's comple- 
ment signed integer. 



Interrupt Page Address Register (I): The MPU800 CPU 
can indirectly call any memory location in response to a 
mode 2 interrupt. The I register is used to store the high- 
order 8 bits of the address. The low-order 8 bits are sup- 
plied by the interrupting peripheral. This feature allows 
interrupt routines to be dynamically located anywhere in 



Memory Refresh Register (R): The MPU800 CPU con- 
tains a memory refresh counter to enable dynamic memo- 
ries to be used with the same ease as static memories. 
This 8-bit register is automatically incremented after each 
instruction fetch. The data in the refresh counter is sent 
out on the lower portion of the address bus along with a 
refresh control signal while the CPU is decoding and exe- 
cuting the fetched instruction. This mode of refresh is 
totally transparent to the programmer and does not slow 
down CPU operation. The programmer can load the R reg- 
ister for testing purposes, but this register is normally not 
used by the programmer. 

ACCUMULATORS AND FLAG REGISTERS 

The CPU includes two 8-bit accumulators and two associ- 
ated 8-bit flag registers. The accumulator holds the results 
of 8-bit arithmetic or logical operation. The flag register 
indicates specific conditions for 8-bit or 1 6-bit operations. 

FLAG REGISTERS (F, F') 

The two MPU800 flag registers each contain six status bits 
that are set or reset (cleared) by various CPU operations 
(Figure 8). Four of these bits (carry, zero, sign, and parity/ 
overflow flags) can be tested by the programmer. The 
descriptions of the flags follow. 

Carry Flag (C): This flag is set by the carry from the high- 
est order bit of the accumulator during an add instruction 
or a borrow generated during a subtraction instruction. 
Specific shift and rotate instructions also affect this bit. 

Zero Flag (Z): This flag is set when a zero is loaded into 
the accumulator as a result of an operation. Otherwise it 
remains clear. 

Sign Flag (S): This flag stores the state of bit 7 (the sign 
bit) in the accumulator after an arithmetic operation. This 
flag is intended to be used with signed numbers. 

Parity/Overflow Flag (P/V): During logical operations 
this flag is set when the parity of the result is even and 
reset when it is odd. It represents overflow when signed 
two's complement arithmetic operations are performed. 
An overflow occurs when the resultant of a two's comple- 
ment operation (in the accumulator) is out of range. 

The two non-testable flag register bits used for BCD 
arithmetic are: 

Half Carry (H): The flag indicates a BCD carry or borrow 
result from the least significant four bits of an operation; 
when using the DAA (Decimal Adjust Accumulator 
Instruction), it is used to correct the result of a previously 
packed decimal add or subtract. 

Add/Subtract Flag (N): Since the algorithm for correcting 
BCD operations is different for addition or subtraction, this 
flag specifies what type of instruction was executed last in 
order that the DAA operation will be correct for either oper- 
ation, 
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N"N"I 



■ CARRY 
■ADD/SUBTRACT 

■ PARITY OVERFLOW 

■ HALF CARRY 
■ZERO 
■SIGN 



FIGURE 8. Flag Register 



INTERRUPTS 

The MPU 800 has five i nterrup t/re start i nputs, four are 
maskable (RSTA, RSTB, RSTC, and INTR) and one is non- 
maskable (NMI). NMI, having the highest priority of all 
interrupts, is always serviced and cannot be di sable d by 
the user. After recognizing an active input on NMI, the 
CPU stops before the next instruction, pushes the PC onto 
the stack, and jumps to address X'0066, where the user's 
interrupt service r outin e is located (i.e., restart to memory 
location X'0066). NMI is intended for interrupts requiring 
imm ediate attenti on, s uch as power-down, control panel, 
etc. RSTA, RSTB and RSTC are restart inputs, which, if 
enabled, execute a restart to memory location X'003C, 
X'0034, and X'002C, respectively. Note that the CPU 
response to the NMI and RST (A, B, C) request input is 



basically identical. Unlike NMI, however, restart request 
inputs must be enabled. 

Figure 9 illustrates NMI and RST interrupt machine cycles. 
M1 cycle will be a dummy opcode fetch cycle followed by 
M2 and M3 which are stack push operations. The follow- 
ing instruction will then start from the interrupts restart 
location. 

The MPU800 also prov ides o ne more general purpose 
interrupt re quest input, INTR. When enabled, the CPU 
responds to INTR in one of the three modes defined by 
instruction MO, tM1 , and IM2 for modes 0, 1 and 2, respec- 
tively. Following reset, the CPU automatically sets itself in 
mode ). 

Interrupt (INTR) Mode 0; Similar to INS8080A mode. The 
CPU responds to an interrupt request by providing an 
INTA (interrupt acknowledge) strobe, which can be used to 
gate an instruction from a peripheral onto the data bus. 
Two wait st ates a re automatically inserted by the CPU dur- 
ing the first INTA cycle to allow the interrupting device (or 
its controller) ample time to gate the instruction and deter- 
mine external priorities. (Figure 10). This can be any 
instruction from one to four bytes. The most popular 
instruction would be a one-byte call (restart instruction) or 
a three-byte call (CALL NN instruc tion). I f it is a three-byte 
call, the CPU issues a total of three INTA strobes. The last 
two read NN (which do not include wait states). 



Interrupt (INTR) Mode 1 : Similar to the restart interrupts 
except the restart location is X'0038 (Figure 9). 



UST M CYCLE OF INSTRUCTION 
-LAST! STATE 




•this is the only machine oycie that does not have an RD, WR, or INTA strobe but wiii accept a wait strobe. 

FIGURE 9. Non-Maskable and Restart Interrupt Machine Guide 
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tyv is the CPU genurated WAIT state In response to an Interrupt request. 



FIGURE 10. Interrupt Acknowledge Machine Cycle 



Interrupt (INTR) Mode 2: With this mode, the program- 
mer maintains a table that contains the 16-bit starting 
address of every interrupt service routine. This table may 
be located anywhere in memory. When the mode 2 inter- 
rupt is accepted (Figure 11), a 16-bit pointer must be 
formed to obtain the desired interrupt service routine start- 
ing address from the table. The upper 8 bits of this pointer 
are from the contents of the I register, which has been pre- 
viously loaded with the desired value by the programmer. 
The lower 8 bits of the pointer are supplied by the interrupt- 
ing device with the low-order bit forced to zero. The pointer 
is used to get two adjacent bytes from the interrupt service 
routine starting address table to complete the 1 6-bit serv- 
ice routine starting address. The first byte of each entry in 
the table is the least significant (low-order) portion of the 
address. The programmer must obviously fill this table 
with the desired addresses before any interrupts are to be 
accepted. 

Note that this table can be changed at any time to allow 
peripherals to be serviced by different service routines. 
Once the interrupting device supplies the lower portion of 
the pointer, the CPU automatically pushes the program 
counter onto the stack, obtains the starting address from 
the table and does a jump to this address. 

The interrupts have fixed priorities built into the MPU800 

as; 

NMI (Highest Priority) 

mm 

RSTB 
RSTC 
TNTR (Lowest Priority) 



ENABLING INTERRUPTS 

NMI, being a non-maskable interrupt request, is executed 
as it occurs and can never be disabled. 

The maskable interrupt inputs (RSl^, RSTB, R5TC, and 
INTR) are enabled under program control through the use 
of the interrupt control register and enable/disable inter- 
rupt instruction. 

The appropriate interrupt control bits in 4-bit control regis- 
ter (lEA, lEB, lEC, and lEI) must be enabl ed in conjunction 
withi IFF1 and IFF2, beforethe maskable INTR and R^ A, 
B, C can be accepted by the CPU. 



The interrupt control register is an on-chip write only out- 
put port located at port address X'BB. It can only be written 
to by either the OUT (C), r or OUT (N), A instructions (for 
example OUTI instruction will not affect Interrupt Control 
Register). Its contents are: 



Bit 


Name 


Function 





lEI 


Interrupt Enable for INTR 


1 


lEC 


RSTC 


2 


lEB 


RSTB 


3 


lEA 


RST^ 



For example: In order to enable RSTB, CPU interrupts 
must be enabled and lEB must be set. 

At reset, lEI bit is set and other mask bits, lEA, lEB, lEC are 
cleared. This maintains the software compatibility 
between MPU800 and INS8080A (or Z80A). 

Execution of an 10 block move instruction will not affect 
the state of the interrupt control bits. The only two instruc- 
tions that will modify this write only register are OUT (C), r 
and OUT (N), A. 

POWER-SAVE FEATURE 

The MPU800 provides a unique power-save mode by the 
means of the PS pin. PS input is sampled at the last t state 
of the last M cycle of an instruction. After recognizing an 
active (low) level on PS, the MPU800 stops its internal 
clocks, thereby reducing its power dissipation to one half 
of operating power, yet maintaining all register values and 
internal control status. The MPU800 keeps its oscillator 
running, and makes the CLK signal available to the sys- 
tem. When in power-save the ALE strobe will be stopped 
high and the address lines [AD(0-7), A(8-15)] will indicate 
the next machine address. When PS is returned high, the 
opcode fetch (or Ml cycle) of the CPU begins in a normal 
manner. Note this Ml cycle could also be an interrupt 
acknowledge cycle if the MPU800 was interrupted simul- 
taneously with PS. Figure 12 illustrates the power-save 
feature. 



In the event BREQ is asserted (low) at the end of an 
instruction cycle and PS is active simultaneously, the fol- 
lowing occurs: 



1 . The MPU800 will g o into B ACK cycle 

2. Upon completion of BACK cycle if PS is still active the 
CPU will go into power-save mode. 



SUPPUED BY I REGISTER 

8 7 10 



SUPPLIED BY PERIPHERAL 



LOW-ORDER BYTE 



HIGH-ORDER BYTE 



lEA 


lEB 


lEC 


lEI 




FIGURE 1 1 . Interrupt Mode 2 
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FIGURE 12. MPU800 Power-Save 







INSTRUCTION SET 



In the following instruction set listing, the notation used is 
shown below. 

b: Used in instructions employing bit mode address- 
ing to designate one bit in a register or memory 
location, 
cc: Designates condition codes used in conditional 
Jumps, Calls, and Return instructions; may be 
NZ = Non Zero (Z Flag = 0) 

Z = Zero (Z Flag =1) 
NC = Non Carry (C Flag = 0) 
C = Carry(CFIag = 1) 

PO = Parity Odd or No Overflow (P/V = 0) 
PE = Parity Even or Overflow (P/V = 1) 

P = Positive (S = 0) 

M = Negative (S = 1) 

d: Used in instructions employing relative or indexed 
modes of addressing to designate 8-bit signed 2's 
complement displacement. 

kk: Subset of cc condition codes used in conjunction 
with conditional relative jumps; may be NZ, Z, NC 
orC. 

m1 : Used in instructions employing register indirect or 
indexed modes of addressing; may be (HL), 
(IX + d)or(IY + d). 

m2: Used in instructions employing register indirect or 
direct modes of addressing; may be (BC), (DE), or 
(nn). 

n: Any 8-bit binary number 

nn: Any 16-bit binary number. 

pp: Used in 16-bit arithmetic instructions employing 
register modes of addressing; may be BC, DE, SR 
or register designated as destination operand. 

qq: Used in instructions employing register modes of 
addressing; may be BC, DE, HL, AF, IX, or lY. 

r: Used in instructions employing register mode of 

addressing; may be A, B, C, D, E, H, or L. 

rr: Used in instructions employing register mode of 
addressing; may be BC, DE, HL, SP, IX, or lY 



ss: Used in instructions employing register mode of 
addressing; may be HL, IX, or lY. 

T: Used to restart instructions employing modified 
page zero addressing mode; may take on hex val- 
ues of 0, 8, 1 0, 1 8, 20, 28, 30, or 38. 

Xl! Subscript L indicates the high order byte of a 1 6-bit 
register 

Xh: Subscript H indicates the high-order byte of a 1 6- 
bit register 

( ): Parentheses indicate the contents are considered 
a pointer to a memory or I/O location. 



8-BIT LOADS 
REGISTER TO REGISTER 



Mnemonic Description 

LD r^, Ts Load register r^ with r^ 

LD A, I Load ACC with register I 

LD I, A Load register I with ACC 

LD A, r Load ACC with register 

R 
LD r, A Load register R with 

ACC 
LD r, n Load register r with 

immediate data n 

REGISTER TO MEMORY 

Mnemonic Description 

LD ml , r Load memory from 

register r 
LD, m2, A Load memory from ACC 
LD ml , n Load memory with 

immediate data n 

MEMORY TO REGISTER 

Mnemonic Description 

LD r, m1 Load register r from 

memory 
LD A, m2 Load ACC from memory 



Operation 

A4-I 
|4-A 
A*-r 

r4-A 

r*-n 



Operation 

ml^r 

m2+-A 
m1+-n 



Operation 

r*-m1 

A4-m2 
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16-BIT LOADS 




NEG 


Negate ACC (2's 


A^O-A 










complement) 




REGISTER TO REGISTER 




CCF 


Complement carry flag 


CY4-CY 








SCF 


Set carry flag 


CY<-1 


Mnemonic 


Description 


Operation 








LD rr, nn 


Load register rr with 


rr*-nn 


IMMEDIATE ADDRESSING MODE ARITHMETIC 




immediate data nn 










LD SP, ss 


Load SP register 


SP4-SS 


Mnemonic 


Description 


Operation 




with register ss 




ADD A, n 


Add number n to ACC 


A«-A-i-n 








ADC A, n 


Add with carry number n 


A*-A-Hn + CY 


REGISTER' 


rO MEMORY 






to ACC 










SUBn 


Subtract number n 


A+-A-n 


Mnemonic 


Description 


Operation 




from ACC 










SBC A, n 


Subtract with carry 


A^A-n-CY 


LD (nn), rr 


Load memory location 


(nn)*-rrL 




number n from ACC 






nn with 1 6 bit register rr 


(nn-i-1)*-rrH 


ANDn 


AND number n with ACC 


A<-A A n 


PUSH qq 


Push contents of 


(SP-1)+-qqH 


ORn 


OR number n with ACC 


A4-A vn 




1 6-bit register qq onto 


(SP-2)^qqL 


XORn 


Exclusive OR number n 


A4-A^n1 




memory stack 


SP^SP-2 




with ACC 










CPnl 


Compare number n to 
ACC 


A:n1 
Z flag^l 


MEMORY TO REGISTER 








ifA = n 
else 


Mnemonic 


Description 


Operation 






Z Flag^-O 


LD rr, (nn) 


Load 16-bit register rr 


rr^Hnn) 


MEMORY ADDRESSED ARITHMETIC 






from memory location nn 


rrH<— (nn + 1 ) 








POPqq 


Pop contents of stack 
to register qq 


qqL'^(SP) 
qq^HSP-H) 


Mnemonic 


Description 


Operation 






SP^SP + 2 


ADDA, m1 


Add memory to ACC 


Ai-A-i-ml 








ADCA, m1 


Add with carry memory 

to ACC 

Subtract memory from 


A^A-i-ml-i-CY 


8-BIT ARITHMETIC 




SUBm1 


A4-A-m1 










ACC 




REGISTER ADDRESSED ARITHMETIC 




SBC A, ml 


Subtract with carry 


A^A-m1-CY 










memory from ACC 




Mnemonic 


Description 


Operation 


AND ml 


AND memory with ACC 


A+-AAm1 








0Rm1 


OR memory with ACC 


A*-Avm1 


ADD A, r 


Add contents of register 
r to ACC 


A<-A + r 


XORmI 


Exclusive OR memory 
with ACC 


A^Avml 


ADC, A, r 


Add with carry contents 


A4-A + r + CY 


CPm1 


Compare memory with 


A: ml 




of register r to ACC 






ACC 


Z flag^l 


SUBr 


Subtract 

contents of register r 

from ACC 


A^A-r-r 






ifA = r 

else 

ZFIag^O 


SBC A, r 


Subtract contents of 


A^A-r-CY 


INCm1 


Increment memory 


m1«-m1 -Hi 




contents of register r 




DECm1 


Decrement memory 


m1«-m1-1 




from ACC 










ANDr 


Logically AND contents 
of register r with ACC 


A4-A A r 








ORr 


Logically AND contents 


A^A V r 


16.BIT ARITHMETIC 






of register r with ACC 










XORr 


Exclusive OR contents 


A*-A-¥-r 


REGISTER ADDRESSED ARITHMETIC 






of register r with ACC 










CPr 


Compare contents of 
register r to ACC 


A:r 

Z flag*-1 


Mnemonic 


Description 


Operation 






ifA = r 


ADD ss, pp 


Add 1 6-bit register pp 


SS4-SS + pp 






else 




to 1 6-bit register ss 








Z FlagfiO 


ADC ML, pp 


Add with cary 1 6-bit 


HL^HL 


INCr 


Increment contents of 


r<-r-i-1 




register pp to HL 


+ PP-I-CY 




register r 




SBC HL, pp 


Subtract with carry 


HL*-HL 


DECr 


Decrement contents of 
register r 


r^-r-l 




16-bit register pp 
from HL 


-pp-CY 


DAA 


Decimal adjust ACC 


(ACC adjust 
for BCD) 


INCrr 


Increment 16-bit 
register rr 


rr<-rr + 1 


CPL 


Complement ACC 
(1 's complement) 


A*-A 


DECrr 


Decrement 16-bit 
register rr 


rr*-rr-1 
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BIT SET, RESET, AND TEST 
REGISTER 
Mnemonic Description 



Operation 



SET b r 
RESb, r 
BITb, r 


Cot Kit in ronictor r 

Reset bit in register r 
Test bit in register r 


r°^0 


IVIEMORY 






IVInemonic 


Description 


Operation 


Set b, m1 
RESb, m1 
BITb, m1 


Set bit in memory 

location m1 

Reset bit b in memory 

location m1 

Test bit b in memory 

location m1 


m1b4-1 
m1bv-0 
Z^mlb 



LDD Move data from memory 

location (HL) to memory 
location (HL) to memory 
location (DE), and decre- 
ment memory pointer 
and byte counter BC. 

ory location (HL) to ACC, 
increment memory 
pointer and decrement 
byte counter BC. 
CPD Compare data in mem- 

ory location (HL) to ACC 
and decrement memory 
pointer and byte counter 
BC. 

REPEAT OPERATIONS 



EXCHANGES 
REGISTER/REGISTER 
Mnemonic Description Operation 

EX DE, HL Exchange contents of DE^HL 

DE and HL register 
EX AF, AF1 Exchange contents of A AF*-^AF' 

and F registers with A1 

and F1 registers 
EXX Exchange contents of BC*-»BC' 

BC, DE and HL registers DE*-^DE' 

with corresponding HL^HL' 

alternate registers 



REGISTER/MEMORY 

Mnemonic Description Operation 

EX (SP), ss Exchange top of stack (SP)^sSl 

with 1 6-bit register ss (SP -i- 1 )<-+sSh 



MEMORY BLOCK MOVES AND SEARCHES 

Block move and search instructions (such as LDIR and 
INIR) Insert a dummy instruction fetch after each cycle to 
keep refresh going. 



Mnemonic 

LDIR 



LDDR 



CPIR 



CPDR 



Description 

Move data from memory 
location (HL) to memory 
location (DE), increment 
memory pointers, decre- 
ment byte counter BC, 
until BC = 

Move data from memory 
location (HL) to memory 
location (DE), decrement 
memory pointers and 
byte counter BC, repeat 
until BC = 

Compare data in memory 
location (HL) to ACC, 
increment memory 
pointer, decrement byte 
counter BC, repeat until 
BC = Oor(HL) = A 
Compare data in memory 
location (HL) to ACC, 
decrement memory 
pointer and byte counter 
BC. repeat until BC = or 
(HL) = A 



(DE)MHL) 
(DE)HHL) 
DE^DE-1 
HL4-HL-1 
BC^HL-1 



HL* 
BC4 



-HL-^1 
-BC-1 



A-(HL) 

HL^HL-1 

BC<-BC-1 



Operation 

(DE)MHL) 
DE^DE -I- 1 
HL^HL-i-1 
BC^BC-1 
Repeat until 
BC = 
(DE)MHL) 
DE^DE-1 
HL^HL-1 
BC4-BC-1 
Repeat until 
BC = 
A-(HL) 
HL4-HL-I-1 
BC4-BC-1 
Repeat until 
BC = or 
(HL) = A 
A-(HL) 
HL^HL-1 
BC4-BC-1 
Repeat until 
BC = or 
(HL) = A 



INPUT/OUTPUT 

Due to the multiplexed bus structure, the MPU800 han- 
dles the address bus differently than the Z80 during input 
and output instructions. The MPUSOO duplicates the port 
address on the upper and lower halves of the address. 



SINGLE OPERATIONS 



Mnemonic 

LDI 



Description 

Move data from memory 
location (HL) to memory 
location (DE), increment 
memory pointers, and 
decrement byte counter 
BC. 



Operation 

(DE)HHL) 
DE^DE + 1 
HL4-HL-H 
BC4-BC-1 



Mnemonic 

INA, (n) 
OUT(n), A 
IN r, (C) 
OUT (C), r 
INI 



Description 

Input from I/O device at 
address n to ACC 
Output to I/O device at 
address n from ACC 
Input from I/O device at 
address (C) to register 
Output to I/O device at 
address (C) from register 
Input from I/O device at 
address (C) to memory 
location (HL), increment 
pointer, and decrement B 
counter 



Operation 

A^(n) 

(n)*-A 

MC) 

(C)^r 

(HL)MC) 

HL^-HL-i-l 

B^B-1 
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Mnemonic 

OUTI 



IND 



OUTD 



INIR 



OUTIR 



INDR 



OUTDR 



Description 

Output to I/O at address 
(C) from memory location 
(HL), increment pointer, 
and decrement B counter 
Input from I/O device at 
address (C) to memory 
location (HL) and decre- 
ment pointer, and B 
counter 

Output to I/O device at 
addres s^(C> from memory 
location (HL) and decre- 
ment pointer 
B counter 

Output to I/O device at 
at address (C) to mem- 
ory location (HL), incre- 
ment pointer, decrement 
B counter, and repeat 
until B = 

Output to I/O device at 
address (C) from memory 
location (HL), increment 
pointer, decrement B 
counter, and repeat until 
B = 

Input from I/O device at 
address (C) to memory 
location (HL), decrement 
pointer and B counter, 
and repeat until B = 
Output to I/O device at 
address (C) from mem- 
ory location (HL), decre- 
ment pointer and B 
counter, and repeat until 
B = 



CPU CONTROL 



Mnemonic 

NOP 

HALT* 

Dl 

El 

IMO 

IM1 

IM2 



Description 

No operation 
Halt processor 
Disable Interrupts 
Enable Interrupts 
Set Interrupt Mode 
Set Interrupt Mode 1 
Set Interrupt Mode 2 



Operation 


PROGRAM CONTROL 




(C)-(HL) 


JUMPS 






HL^HL + 1 








B«-B-1 


Mnemonic 


Description 


Operation 


(HL)HC) 


JPnn 


Unconditional jump 


PCt-nn 


HL4-HL-1 




direct to nn 




B^B-1 


JP (ss) 


Unconditional jump 
indirect via ss register 


PC«-ss 




JP cc, nn 


Conditionally jump 


If cc true. 


(C)MHL) 




direct to nn if cc is true 


PC^-nn, else 


HL^HL-1 






continue 


B+-B-1 


JRd 


Unconditional jump 
toPC + d 


PC<-PC-Hd 




JR kk, d 


Conditionally jump 


if kk true, 


(HL)<-C 




PC + d if kk is true 


PC^PC-t-d 


HL4-HL-I-1 


DJN2, d 


Decrement B register 


B4-B-1 


B4-B-1 




and jump to PC -^d if 


ifB = 


Repeat until 




B ^ 0, otherwise continue 


PC+-PC + d 


B = 








(C)HHL) 


CALLS 






HL*-HL + 1 








B+-B-1 


Mnemonic 


Description 


Operation 


Repeat until 
R-n 


CALL nn 


Unconditional call to 


(SP-I)^PCh 


O ^ \J 




subroutine at location nn 


(SP-2)*-PCl 


(HL)HC) 
HL^HL-1 
B«— B-1 


CALL cc, nn 


Conditional call to 
subroutine at location 


PC^nn 
if cc true, 
(SP-I)^PCh 


Repeat until 
B = 




nn if cc true 


(SP-2)<-PCl 
PC<-nn, else 


(C)MHL) 






continue 


HL^HL-1 








B4-B-1 


RETURNS 






Repeat until 








B = 


Mnemonic 


Description 


Operation 



Operation 



*Halt instruction locks CPU into an endless cycle of instruction fetches 
until CPU is reset or interrupted. Therefore dynamic memory refresh 
continues to run. 



RET Unconditional return 

from subroutine 

RET cc Conditional return 

from subroutine 



RETI Return from interrupt 

RETN Return from non- 

maskable interrupt 



RESTARTS 

Mnemonic Description 

RST T Interrupt to location T 



PClMSP) 
PChHSP + 1) 
If cc true: 
PClHSP) 
PChHSP + 1) 
else continue 
PCl-h-(SP) 
PChMSP + 1) 

pClMSP) 

PChMSP + 1) 

Restore 

interrupt 

enable 

status 



Operation 

(SP-I)^PCh 
(SP-2)^PCl 
PC4-T 
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REGISTER 
MNEMONIC 



RLCr 



RRCr 



DESCRIPTION 



ROTATE REGISTER r LEFT CIRCULAR 



ROTATE REGISTER r LEFT THROUGH 
CARRY 



ROTATE REGISTER r RIGHT CIRCULAR 



ROTATE REGISTER r RIGHT THROUGH 
CARRY 



SHIFT REGISTER f LER ARITHMriC 



SHIR REGISTER r RIGHT ARITHMETIC 



SHIR REGISTER r RIGHT LOGICAL 



OPERATION 



EH" 



7 < 



P 



1 — 1^„ — LlziM 







L-* 7 =-♦ B — H 


L> CY 


r 








—17—0 


► CY ' 


r 




CY < 7 


•* < 




r 


1 7 ► 


— *■ CY 


—!• 




— ► 7 ► 


— ►! CY 



MEMORY 
MNEMONIC 



RLCml 



SLA ml 



SRAmI 



SRLmI 



ROTATE MEMORY LER CIRCULAR 



ROTATE MEMORY LER THROUGH CARRY 



ROTATE MEMORY RIGHT CIRCULAR 



ROTATE MEMORY RIGHT THROUGH 
CIRCULAR 



SHIR MEMORY LER ARITHMETIC 



SHIR MEMORY RIGHT ARITHMETIC 



SHIR MEMORY RIGHT LOGICAL 



OPERATION 



L-LnrrnJ 






OD' 



J 



a 



{El 



I — ► 7 —*■ a ►[ cy| — I 



€1 



^EHI] — "{El 



REGISTER/MEMORY 
MNENONIC 



RLD 



RRO 



ROTATE AND SHIFT 



DESCRIRION 



ROTATE DIGIT LER AND RIGHT BETWEEN 
ACC AND MEMORY (HL) 



ACC AND MEMORY (HL) 



OPERATION 



A 7 4 3 7 4 3 (HL) 



I T I " 

7 4 3 7 4 3 



(HL) 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Storage Temperature -65°Cto +150°C 

Voltage on Any Pin with Respect to Ground -O.SVto Vcc + 0.3V 

Maximum Vcc 7V 

Power Dissipation 1W 

Lead Temperature (Soldering, 10 seconds) 300°C 



DC ELECTRICAL CHARACTERISTICS T^, = 0° 


Cto+70°C,Vcc = 5V± 


10%,GND= 


= OV, unless otherwise specified. 


Symbol 


1 Parameter 


Conditions 


IVIin 


Typ 


IVIax 


Units 


V,H 


Logical 1 Input Voltage 




0.7 Vcc , 


Vcc 


V 


V,L 


Logical Input Voltage 




: 


0.2Vcc 


V 


Vhy 


Hysteresis at RESET IN input 


Vcc = 5V 


0.25 


0.5 




V 


VoH1 


Logical 1 Output Voltage 


louT = -1-0mA 


2.4 






V 


VoH2 


Logical 1 Output Voltage 


louT = -10|iA 


Vcc-.05 






V 


Vol, 


Logical Output Voltage 


loL = 2mA 







0.4 


V 


VoL2 


Logical Output Voltage 


louT=10|iA 







0.1 


V 


l,L 


Input Leakage Current 


0<V„<Vcc 


-10.0 




10.0 


liA 


loL 


Output Leakage Current 


0<V,^j<Vcc 


-10.0 




10.0 


^A 


'cCA 


Active Supply Current 


louT = 0,f(xiN) = 5MHz 




10 


15 


mA 


'cCA 


Active Supply Current 


louT = 0,f(xiN) = 8MHz 




15 


21 


mA 


IcCQ 


Quiescent Current 


f,x,N, = OMHz 




2 


4 


mA 


'cps 


Power-Save Current 


f,x,N, = 5.0MHz 




5 




mA 


C|N 


Input Capacitance 






6 


10 


PF 


CquT 


Output Capacitance 






8 


12 


PF 


Vcc 


Power Supply Voltage 


Note 2 


2.4 


5 


6 


V 



Note 1 : Absolute Maximum Ratings indicate limits beyond which permanent damage may occur. Continuous operation at these limits is not intended 
and should be limited to those conditions specified under DC Electrical Characteristics. 

Note 2: CPU operation at lower voltages will reduce the maximum operating speed. DC and AC electrical characteristics at voltages other than 5V ± 
10% are forthcoming. 

Preliminary (not tested) 



Max CPU Speed* 


MPU800-1 


MPU800 


MPU800-4 


Units 


@2.4V 
@3.0V 




500 
1 


500 

1 


kHz 
MHz 



"Speed of CPU is expressed in clock speed, not crystal speed. 

■cc vs System Speed 
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D 0.5 1 1.5 2 2.5 3 3.5 4 4.5 
FREQUENCY AT CLOCK (MHz) 

AC ELECTRICAL CHARACTERISTICS Vnc = 5V ± 1 0%, GND = OV 



Symbol 



Parameter 



MPU800-1 MPU800 MPU800-4 



Min I Max I Min 



t. Period at XIN and XOUT 

Pins 



500 



31250 200 



31250 125 



Period at Clock Output 1 000 62500 400 
( = 2tx) i ! I 



Max i Min Max 



312501 ns 



62500 250 




62500; ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = 5V ± 1 0%, GND = OV 





Parameter 


MPU800-1 


MPU800 


MPU800-4 


Units 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Notes 


tx 


Period at XIN and XOUT 
Pins 


500 3125C 


200 


3125C 


125 


3125C 


ns 




T 


h-erioa at uiock uutput i i ooo ^2500 
( = 2tx) 1 1 


400 


62500 


250 


62500 


ns 


i 


tR 


Clock Rise Time 


1 


1 110 




110 




75 


ns 


Measured from 10o/o-90% of 
signal 


tp 


Clocl< Fall Time 




60 




60 




40 


ns 


Measured from 10%-90% of 
signal 


k 


Clock Low Time 


490 




190 




95 




ns 


50% duty cycle, square wave 
Input on XIN 


tH 


Clock High Time 


450 




150 




80 




ns 


50% duty cycle, square wave 
input on XIN 


Wc (RD) 


ALE to Valid Data 




1375 




500 




300 


ns 


Add t for each WAIT STATE 
Add t/2 for memory read cycles 


^AFR 


AD(0-7) Float after 
RD Falling 

















ns 




^BABE 


BACK Rising to Bus 
Enable 




1000 




400 




250 


ns 




tsABF 


BACK Falling to Bus Float 




50 




50 




50 


ns 




Wl 


BACK Falling to CLK 
Falling 


425 




125 




55 




ns 




^BRH 


BREQ Hold Time 

















ns 




^BRS 


BREQ Set-Up Time 


100 




50 




35 




ns 




tcAF 


Clock Falling to ALE 
Falling 





30 





30 





35 


ns 




tcAR 


Clock Rising to ALE 
Rising 





100 





100 





75 


ns 




toAl 


ALE Falling to INTA 
Falling 


530 




230 




100 




ns 




Wr 


ALE Falling to RD Falling 


525 


575 


225 


250 


125 


160 


ns 




^D/W 


ALE Falling to WR Falling 


990 


1010 


390 


410 


220 


250 


ns 




^D(BACK)1 


ALE Falling to BACK 
Falling 


2500 




1000 




600 




ns 


Add t for each WAIT state 
Add t for opcode fetch cycles 


tD(BACK)2 


BREQ Rising to BACK 
Rising 


500 


1600 


200 


700 


125 


475 


ns 




tofl) 


ALE Falling to INTR, NMI, 
RSTA-C, PS, BREQ 
Inputs Valid 




1375 




475 




250 


ns 


Add t for each WAIT state 
Add t for opcode fetch cycles 


^DPA 


Rising PS to Falling ALE 


500 


1550 


200 


650 


125 


475 


ns 


See Figure 12 also 


^CHRFSH) 


Falling ALE to Falling 


1500 




600 




325 




ns 


Add t for each WAIT state 


*D(WAIT) 


ALE Falling to WAIT input 
Valid 




550 




250 




125 


ns 




•H(ADH)i 


A/S-15^ Holt Time Durin" 
Opcode Fetch 







Q 




n 




ns 




^H(ADH)2 


A(8-15) Hold Time During 
Memory or 10, RD and WR 


400 




100 




60 




ns 




twADU 


AD(0-7) Hold Time 


400 




100 




50 




ns 




^HWD) 


Write Data Hold Time 


400 




100 




50 




ns 




INH 


Interrupt Hold Time 

















ns 




t|NS 


Interrupt Set-Up Time 


100 




50 




35 




ns 




^NMI 


Width of NMI Input 


50 




30 




20 




ns 




^RDH 


Data Hold after Read 

















ns 




tRFL 


RFSH Rising to ALE 
Rising 




-100 




-100 




-70 


ns 


Negative number means ALE 
occurs first 
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AC ELECTRICAL CHARACTERISTICS (Continued) V 


cc = 5V±10o/o, GND = OV 






Parameter 


MPU800-1 


MPU800 


MPU800-4 


Units 




Symbol 


Min 


Max 


Min 


Max 


Min 


Max 


Notes 


tRL(MR) 


RD Rising to ALE Rising 
(Memory Read) 


450 




150 




85 




ns 




tRL(OP) 


RD Rising to ALE Rising 
Opcode 




-75 




-65 




-55 


ns 




Ts(AD) 


AD(0-7) Set-Up Time 


300 




80 




40 




ns 




ts{ALE) 


A98-15), SO, SI, lO/M 
Set-Up Time 


350 




100 




50 




ns 




ts(WD) 


Write Data Set-Up Time 


385 




85 




50 




ns 




tw(ALE) 


ALE Width 


430 




130 




75 




ns 




IWH 


WAIT Hold Time 

















ns 




tw(l) 


Width of INTR, RSTA-C, 
PS, BREQ 


500 




200 




125 




ns 




tw(INTA) 


INTA Strobe Width 


1000 




400 




200 




ns 


Add two t states for first INTA of 
each interrupt response string 
Add t for each WAIT state 


W 


WR Rising to ALE Rising 


450 




150 




90 




ns 




tw(RD) 


Read Strobe Width During 
Opcode Fetch 


1000 




400 




225 




ns 


Add t for each WAIT State 
Add t/2 for Memory Read 
Cycles 


Wrfsh) 


Refresh Strobe Width j 1 925 




725 




400 


[ ns 




^WS 


WAIT Set-Up Time , 100 




50 




35 


i "® 




tw(WAIT) 
tw(WR) 


WAIT Input Width | 550 
Write Strobe Width 1000 




250 
400 




175 
220 


1 ns 
, ns 


Add t for each WAIT state 


^XCF 


XIN to Clock Falling 


25 


55 


25 


55 


25 


55 


ns 




^XCR 


XIN to Clock Rising 


45 


75 


45 


75 


45 


75 


ns 





Note 1 : Test conditions: t = 1000 ns for MPU800-1 , 400 ns for MPU800, 250 ns for t\/IPU800-4. 

Note 2: Output timings are measured with a purely capacitive load of 150 pF. The following correction factor can be used for other loads: 
1 50 pF < Cl < 300 pF: + ns/pF 
50pF<CL<150pF 



TABLE 1 . BUS TIMING AS T DEPENDENT 




Symbol 


1/T<2.5MHz 


2.5MHz<1/T<4.0MHz 




Symbol 


1/T<2.5MHz 


2.5MHz<1/T<4.0MHz 




ti 


(1/2)T-10 


(1/2)T-30 


min 


Td(RFSH) 


(3/2-hN)T 


(3/2-i-N)T-50 


Min 


tH 


(1/2)T-50 


(1/2)T-45 


Min 


^D(WAm 


(1/2)T + 50 


(1/2)T 


Max 


UcC(RD) 


(1+N)T + 100 


(1+N)T + 50 


Max 


^(ADH)2 


(1/2)T-100 


(1/2)T-65 


Min 


^BABE 


T 


T 


Max 


tH(ADH)2 


(1/2)T-100 


(1/2)T-6 


Min 


tsACL 


(1/2)T-75 


(1/2)T-70 


Min 


tHfADu (1/2)T-100 


(1/2)T-50 


Min 


^DAI 


(1/2)T + 30 


(1/2)T-25 


Min 


tpuMRi (1/2)T-50 


(1/2)T-40 


Min 


^DAR 


(1/2)T + 25 


(1/2)T 


Min 


ts<Am |(1/2)T-120 


(1/2)T-85 


Min 


^DAR 


(1/2)T + 50 


(1/2)T-i-35 


Max 


tsrALB :(1/2)T-100 


(1/2)T-75 


Min 


toAW 


T-10 


T-30 


Min 


tsrwD, (1/2)T-115 


(1/2)T-75 


Min 


^DAW 


T+10 


T 


Max 


tw<ALB ^(1/2)T-70 


(1/2)T-50 


Min 


^D(BACK)1 


(5/2 + N)T 
(1/2)T 

(3/2)T + 100 
(3/2 + N)T-125 
(1/2)T 
(3/2)T + 50 


(5/2-i-N)T-25 
(1/2)T 
(3/2)T + 100 


Min 


twdNTA, (1 + N)T 


(1 + N)T-50 


Min 
Min 


tD(BACK)2 


Min 


tw. (1/2)T-50 


(1/2)T-35 


tD(BACK)2 


Max 


tw<RD> (1+N)T 


(1 + N)T-25 


Min 


tpd) 


(3/2 + N)T-125 


Max 


tw(RFSH) i 2T-75 


2T-100 


Min 


tpPA 


(1/2)T 


Min 


V(WR) 


(1 + N)T 


(1 -1- N)T-30 


Min 


^DPA 


(3/2)T+100 


Max 


; 



Note: N is equal to number of WAIT states. 
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TIMING REFERENCE 



Interrupt— Power-Save Cycle 

N0TE1 



ffJTS 
(NOTE 2| 




Not* 1: This t state Is the last t state of the last M cycle of any instruction. 
Note 2; Response to INTR input. 
Note 3: Response to PS Input. 



Bus Acknowledge Cycle 




* Waveform not drawn to proportion. Use only for specifying test points. 



AC Testing Input/Output Waveform 

° — )C 



'0.7 Vcc TEST 0.7 Vcc 
lOJVcc POINTS 0.2 Vcc 



xz 



AC Testing Load Circuit 



DEVICE 
UNDER 
TEST 



;CL = 150pF 
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TIMING WAVEFORMS 



Opcode Fetch Cycle 




CR ►! -• txCF— ^ ■•— tH «- .. tf « H. -. tH ►! 

► tCAB I-" tCAfh" -• tL .-I 



P ' tcAfI-" 



ZD( 



}( 



-Ihiadl)- 



A(8-15) 



>- 



^ / 



-jzy< 



X 



- -tACC(RD) H 

-'+• tW(RDl «+• ► ■ 



■^tSODI— 



INTERRUPT VECTOR 



ADDRESS (0-71 



•i tH(«DLl 

5: 



r 
xz 



^e 



^ 



/ 



IO/M = 0, S0 = 1, Sl = 1 



X 



xr.'x 



Memory Read and Write Cycle 



z>: 



AD(0-7) 
(READ) 



A0(0-7| 
(WRITE) 



>: 



X 



I ' T1 H-« T2 H-. T3 ► 

-J \^ — v_J — v_ 

I- — tW[ALE| » i 



ADDRESS (8-15) 



3( 



)-H 



\ 



X 



-CZZi- 

« 'I to 



tH|ADH12- 
IflL(MB)- 



\ 



BREQ. NMI 
INTR. RST AC 



./CI 

z)e 



)CZ 



I 



-tH(WD|- 



J. 



io/H=o,so=;SkSi=:S^ 



ORD , 1 RD^ 
1WR, OWR 



X 
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MICROCOMPUTER FAMILY BLOCK DIAGRAM 



T MUh i i 



— TIMER IN 
-► TIMER OUT 




PORTA 
8 BITS 



PORTB 
8 BITS 



, PORTC 
4 BITS 



STANDARD MICROSYSTEMS 
CORPORATKJN. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions, consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information doesnotconvey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION. 




RAM-I/O-Timer 



MPU 810A 
MPU 810A-1 
MPU 810A-4 

PRELIMINARY 



FlATtJRES 

n Variable Power Supply: 2.4V-6.0V 

D Pin-Compatible With NSC810 

D Tiiree Programmable I/O Ports 

D Two 16 Bit Programmable Counter Timers 

D Very Low Power Consumption 

D Fully Static Operation 

D Single Instruction I/O Bit Operations 

D Timer Operation: DC to 5 MHz 

D Bus Compatible with MPU800 Family 

D Three Speed Versions For Full 

Compatibility with the MPU800: 

MPU81 0-4-4 MHz 

MPU810 -2.5 MHz 

MPU81 0-1-1 MHz 



PIN CONFIGURATION 









PC3/TG C 1 


40 


n v„ 


PC4/T1IN C 2 


39 


3 PC2/STB 


TOIN C 3 


38 


a PC1/BF 


RESET C 4 


37 


3 PCO/IIVITR 


PC5/T10UT C 5 


36 


3 PB7 


TOOUT C 6 


35 


3 PB6 


lOT/BI C 7 


34 


3 PBS 


CE C 8 


33 


3 PB4 


RD C 9 


32 


3 PB3 


WR d 10 


MPU810A 31 


3 PB2 


ALE a 11 


30 


P PB1 


ADO d 12 


29 


n PBo 


AD1 C 13 


28 


n PA7 


Ab2 C 14 


27 


H PA6 


AD3 q 15 


26 


3 PAS 


AD4 d 16 


25 


3 PA4 


ADS C 17 


24 


3 PA3 


AD6 d 18 


23 


3 PA2 


AD7 d 19 


22 J PA1 


GND d 20 


21 3 PAO 
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GENERAL DESCRIPTION 

The MPU810A functions as a memory, input/output 
peripheral interface, and a timing device. The memory is 
comprised of 1 024 bits of static RAM organized 1 28 by 8. 

The I/O portion consists of 22 programmable input/out- 
put bits arranged as three separate ports, with each bit indi- 
vidually definable as an input or output. The port bits can 
be set or cleared individually and can be written or read in 
bytes. Several types of strobed mode operations are avail- 
able through port A. 

The timer portion of the device consists of two pro- 
grammable 16 bit binary down-counters each capable of 
operation in any one of 6 modes. Timer counts are extend- 
able by one of the available pre-scale values. The MPU81 OA 
comes in three speed versions to match the MPU800. 
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FIGURE 1 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 


NAME 


SYMBOL 


FUNCTION 


40 


+ 5 Volt 


Vcc 


+ 5 volt supply 


20 


Ground 


GND 


Ground 


Innut Sianals 




4 


Reset 


RESET 


RESET is an active-high input that resets all registers to (low). The RAM 
contents remain unaltered. 


7 


Input/Output Timer/ 
RAM Select 


lOT/M 


Input/Output Timer or RAM Select (lOT/M): lOT/M is an I/O memory select 1 
input line. A logic 1 (high) input selects the l/0-timer portion of the chip; a 
logic (low) input selects the RAM portion of the chip. lOT/M is latched at 
the fallina edae of ALE. ; 


8 


Chip Enable 


CE 


CE is an active-high input that allows access to the MPU810A. CE is latched 
at the falling edge of ALE. 


9 


Read 


RD 


The RD is an active-low input that enables a read operation of the RAM or 
l/0-timer location. 


10 


Write 


WR 


The WR is an active-low input that enables a write operation to RAM or 
l/0-timer locations. 


11 


Address Latch Enable 


ALE 


The falling edge of the ALE input latches AD0-AD7, CE and lOT/M inputs 
to form the address for RAM, I/O or timer. 


3 


Timer Input 


TOIN 


TOIN is the clock input for timer 0. 


Output Signals 




6 


Timer Output 


TOOUT 


TOOUT is the programmable output of timer 0. After reset, TOOUT is set 
high. 


Input/Output Signals 




12-19 


Address/Data Bus 


AD0-AD7 


The multiplexed bidirectional address/data bus, AD0-AD7 pins, are in the j 
high impedance state when the MPU810A is not selected. AD0-AD7 will l 
latch address inputs at the falling edge of ALE. The address will designate 
a location in RAM, I/O or timer. WR input enables 8-bit data to be written 
into the addressed location. RD input enables 8-bit data to be read from 
the addressed location. The RD or WR inputs occur while ALE is low. 


21-28 


Port A, Bits 0-7 


PA0-PA7 


Port A is an 8-bit basic mode input/output port, also capable of strobed 
mode I/O utilizing three control signals from port C. Strobed mode of oper- 
ation on port A has three different modes: strobed input, strobed output 
with active bus, strobed output with TRI-STATE bus. 


29-36 


Port B, Bits 0-7 


PB0-PB7 


Port B is an 8-bit basic mode input/output port. 


37-39,1,2,5 


Port C, Bits 0-5 


PC0-PG5 


Port C is a 6-bit basic mode I/O port. Each pin has a programmable second 
function, as follows: 

PCO/INTR: INTR is an active-low strobed mode interrupt request to the 
Central Processor Unit (CPU). 

PCI /BF: BF is an active-high buffer full output to peripheral devices. 

PC2/STB: STB is an active-low strobe input from peripheral devices. 

PC3/TG: TG is the timer gating signal. 

PC4/T1 IN: T1 IN is the clock input for timer 1 . 

PC5/T10UT: T10UT is the programmable output of timer 1 . 



FUNCTIONAL DESCRIPTION 



Refer to Figure 1 for a detailed block diagram of the 
MPU810A. 

RANDOM ACCESS MEMORY (RAM) 

The memory portion of the RAM-l/O-timer is accessed by 
a 7-bit address input to pins ADO through AD6. The lOT/M 
input must be low (RAM select) and the CE input must be 
high at the falling edge of ALE to address the RAM. Address 
bit AD7 is a "don't care" for RAM addressing. Timing for 
RAM read and w/rite operations is shown in the timing 
diagrams. 

INPUT/OUTPUT (I/O) 

THE I/O portion of the MPU810A contains three sets of 



I/O called ports. There are two ports (A and B) which con- 
tain eight bits each and one port (port C) which has six bits. 
Any bit or combination of bits in a port may be addressed 
with Set or Clear commands. A port can also be addressed 
as an 8-bit word (6 bits for port C). All ports share common 
function of Read, Write, Bit-Set and Bit-Clear. Additionally, 
port A is programmable for strobed (handshake) mode input 
or output. Port C has programmable second functions for 
each bit associated with strobed modes and timer func- 
tions. Table I defines the address location of the ports, tim- 
ers and control registers. 

MODE DEFINITION REGISTER (MDR) 

The mode definition register (MDR) defines the operating 
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mode for port A. While ports B and C are always in the basic 
I/O mode, there are four operating modes for port A: 

Mode 0-Basic I/O (Input or Output) 
Mode 1 -Strobed Mode Input 
Mode 2-Strobed Mode Output-Active Peripheral Bus 
Mode 3-Strobed Mode Output-TRI-STATE* 

Peripheral Bus 

The MDR has the address assignment xxxOOl 1 1 and is 
illustrated for the four modes in Table II. 

DATA DIRECTION REGISTERS (DDR) 

EacPi port bit has a data direction register (DDR) that 
defines the I/O state of the bit. The bit is configured as an 
input if a "0" is written into its DDR, or as an output if a 
"1 " is written. The DDR bits cannot be individually written 
to; the entire DDR byte is affected by a write to the DDR 
address. Thus, all data must be consistent with the direc- 
tion desired for each port. 

Any write or read operations on a port contradicting the 
DDR will not affect the port output or input. However, a 
read of a port bit, defined as an output, will cause a read 
from the output latch, and a write to a port bit, defined as 
an input, will modify the output latch. Refer to Figure 2. 



TABLE I. I/O AND TIMER ADDRESS DESIGNATIONS 



FIGURE 2. Block Diagram for Port Bit (i) 



INTERNAL 
DATA BUS 



WR(SET) 

I " 



WR I WR(CLR) 



OUTPUT DATA 
LATCH 



WR(DDR) 



(DATA DIRECTION) 



{> 



P(l) 




MUX 



INPUT DATA 
LATCH 



BIT OPERATIONS 

The I/O features of the RAM-l/O-timer allow modification 
of a single bit or several bits of a port with Bit-Set and Bit- 
Clear command. The address is set up to indicate that a 
Bit-Set (or Clear) is taking place. The incoming data on 
the address/data bus is latched at the trailing edge of the 
WR strobe and is treated as a mask. All bits containing 1s 
will cause the indicated operation to be performed on the 
corresponding port bit. All bits of the data mask with Os 
cause the corresponding port bits to remain unchanged. 
Three sample operations are shown in Table III using port 
B as an example. 



*TRI-STATE® is a registered trademark of National Semiconductor 
Corporation. 



8-Bit Address Field 

Bits 
7 6 S 4 3 2 1 


Designation 
I/O Port, Timer, etc. 


R(Read) 
W (Write) 


xxxOOOOO 
xxxOOOOl 
X X X 1 
X X X 1 1 


Port A (byte) 
Port B (byte) 
Port C (byte) 
Not Used 


R/W 
R/W 
R/W 


X X X 1 


DDR— Port A 


W 


xxxQOtOt 


DDR — ^^ortB 


W 


X X X 1 1 


DDR— Port C 


W 


X X X 1 1 1 
X X X 1 


Mode Definition Reg. 
Port A— Bit-Clear 


W 
W 


X X X 1 1 


Port B— Bit-Clear 


W 


X X X 1 1 


Port C— Bit-Clear 


W 


X X X 1 1 1 


Not Used 


** 


X X X 1 1 


Port A— Bit-Set 


W 


X X X 1 10 1 


Port B— Bit-Set 


W 


X X X 1 1 1 


Port C— Bit-Set 


W 


X X X 1 1 1 1 


Not Used 


** 


X X X 1 
X X X 1 1 
X X X 1 1 
X X X 1 1 1 
X X X 1 1 


Timer (LB) 
Timer 0(HB) 
Timer 1 (LB) 
Timer 1 (HB) 
STOP Timer 


* 

W 


X X X 1 1 1 


START Timer 


W 


X X X 1 1 1 


STOP Timer 1 


W 


X X X 1 1 1 1 


START Timer 1 


W 


X X X 1 1 


Timer Mode 


R/W 


X X X 1 10 1 


Timer 1 Mode 


R/W 


X X X 1 1 1 


Not Used 




X X X 1 1 1 1 


Not Used 




X X X 1 1 1 


Not Used 




X X X 1 1 1 1 


Not Used 




X X X 1 1 1 1 


Not Used 




X X X 1 1 1 1 1 


Not Used 





X = don't care. 
LB = low-order byte 
HB = high-order byte 

*A write accesses the modulus register, a read the read buffer. 
"A read from an unused location reads invalid data, a write does not affect 

any operation of MPU81 OA. 



TABLE II. MODE DEFINITION REGISTER BIT 
ASSIGNMENTS 



^iii^ds-^i:^ 


7 


6 


5 


4 


3 


2 


1 








X 


X 


X 


X 


X 


X 


X 





1 


X 


X 


X 


X 


X 


X 





1 


2 


X 


X 


X 


X 


X 





1 


1 


3 


X 


X 


X 


X 


X 


1 


1 


1 



X = don't care 
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TABLE Hi. BIT-SET AND CLEAR EXAMPLES 



BF 



Operation 


Set 87 


eiear 82 
and 80 


Set 84, 83 
and 81 


Address 


xxxOHOI 


xxxOIOOl 


XXX01101 


Data 


10000000 


00000101 


00011010 


Port Pins 
Prior State 
Next State 


00001111 
10001111 


10001111 
10001010 


10001010 
10011010 



INTR 



PORT FUNCTIONS-BASIC I/O 

Basic i/0 is the nfiode of operation of ports B and C and 
mode of port A (defined t^y the MDR). Read and write 
byte operations, and bit operations can be executed in the 
basic I/O mode. The timing for basic input and basic out- 
put modes is shown in the AC Characteristics tables. 

When a read occurs, the information is latched from the 
peripheral (port) bus during the leading (falling) edge of 
the RD strobe. When a write occurs, the port bus is mod- 
ified after the trailing (rising) edge of the WR strobe with 
data from the AD bus. Port output data remains valid at 
the output pin from one trailing edge of WR strobe to the 
trailing edge of the next WR strobe which then modifies 
that port. 

PORT A-STROBED (HANDSHAKE) MODE 

Port A can be programmed (via the MDR) into one of 3 types 
of strobed mode for handshake communication with intel- 
ligent peripherals. When port A is in mode 1 , 2 or 3 (see 
description of MDR), port C pins 0, 1 and 2 are used as 
handshake signals between the peripheral and the CPU. 
These handshake signals are designated STB, BF, and 
INTR. Timing parameters and timing diagrams are detailed 
under AC Characteristics. 

(Strobe Mode Interrupt) is an active-low 
interrupt from the I/O to the CPU. In strobed 
input mode, the CPU reads the valid data at 
port A to clear the interrupt. In strobed output 
mode, the CPU clears the interrupt by writing 
to port A. 

The INTR output can be enabled or disabled, 
thus giving the ability to control strobed data 
transfer under software control. It is enabled 
or disabled respectively, by setting (= 1) or 
clearing ( = 0) the output data lat ch of bit 2, 
port C. Port bit PC2 is used as the STB input. 
Since PC2 is always an input during strobed 
mode of operation, its output data latch is not 
needed. Therefore, during strobed mode of 
operation it is internally gated with th e inter- 
rupt signals to generate the INTR output. 
Reset clears this bit to zeroise it must be set 
to one to enable the INTR pin for strobed 
operation. Once the strobed mode of opera- 
tion is programmed, the only way to change 
the output data latch of PC2 is by using the 
Bit-Set and Clear instructions. The port C byte 
write command will not alter the output data 
latch of PC2 during the strobed mode of 
operation. 

(Strobe) is an active-low input from the 
peripheral device, signaling that data-trans- 
fer is about to begin. This strobe is inter- 
preted as an "output request" if port A is in a 
strobed output mode, or as a "data-valid" 
signal if port A is in strobed input mode. 



STB 



(Buffer Full) is an output from the I/O to the 
peripheral signaling that data transfer is com- 
plete. In strobed input mode, this strobe indi- 
cates that data is received into port A and that 
no further data should be transmitted by the 
peripheral device until the port has been read 



t^.^.^*:^^\ 
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cates that the request from the peripheral has 
been processed by the CPU and the valid data 
now appears in port A. 

Note: In either input or output mode BF may be cleared by rewriting mode definition 
register. 

The bits of port C that are used for handshake control of r>ort 
A (bits CO, C1 and C2) must be direction-defined appropri- 
ately in the DDR. Also, the DDR of port A must be consist- 
ent with the mode specified in the MDR. Register set-up 
configurations for the three handshake modes are illus- 
trated in Table IV. 

TABLE IV. MODE DEFINITION REGISTER 
CONFIGURATIONS 



Mode 


MDR 


DDR 
Port A 


DDR 
Porte 


Porte 
Output 
Latch 


Strobed 
Input 


xxxxxxOI 


00000000 


xxxOII 


xxxixx 


Strobed 

Output 

(Active) 


xxxxxOII 


11111111 


xxxOH 


xxxixx 


Strobed 

Output 

(TRI-STATE) 


xxxxxlll 


11111111 


xxxOII 


xxxixx 



Strot>ed Input (Mode 1) 

During strobed input op eratio ns, an external device can load 
data into port A with the STB signal. Data is input to the PAO- 
7 input latches on the leading (negative) edge of STB, 
ca using BF to go high (true). On the trailing (positive) edge 
of STB the data is latched and the interrupt signal, INTR, 
becomes va lid ind icating to the CPU that data is available 
for reading. INTR will become valid only if the interrupt is 
enabled, that is the output data latch for PC2 is true. 

When the CPU reads port A, add ress X 00, the trailing edge 
of the RD strobe causes BF and INTR to become inactive, 
indicating that the strobed input cycle has been completed. 

Strobed Output (Mode 2) 

During strobed output operati ons, a n external device can 
read data from port A with the STB signal. Data is initially 
loaded into port A by the CP U writi ng to I/O address X'OO. 
On the trailing edge of WR, INTR is set inactive and BF 
becomes valid indicating data is available for the external 
device. When the ext ernal d evice i s rea dy to accept the data 
in port A it pulses the STB signal. STB w ill reset BF with its 
rising edge and also activates the INTR signal. 

INTR in this mode indicates a condition that requires CPU 
intervention, which is the output of the next byte of data. 

Strobed Output-TRI-STATE Mode (Mode 3) 

The strobed output TRI-STATE mode and the strobed out- 
put active (peripheral) bus mode function in a similar man- 
ner with one exception. The exception is that the data signals 
on PAO-7 assume the high i mped ance state at all times 
except when accessed by the STB signal. Thus, in addition 
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to its timing function, STB activates port A outputs to active 
logic levels. This mode 3 operation allows other data 
sources, in addition to the NSC810, to feed a common 
external device. 

TIMERS 

The two timers in the RAM-l/O-timer are 1 6-bit binary down- 
counters, each timer having six modes of operation. Full 
count is reached at "n + 1 ", where "n" is the value loaded 
into the modulus register. Read and write commands can 
occur at any time, asynchronous to timer operation by 
addressing the timer read buffer or modulus register, 
respectively. Each timer has a mode register and a write- 
only start/stop register Each timer also has a prescaler 
which divides the incoming clock signal by a programmable 
value, extending the effective ranges of the timers while 
maintaining 16-bit precision. Selected timer outputs are 
H- 1 or ^ 2 for timer 1 , and h- 1 , ^ 2, or h- 64 for timer 0. 
A diagram representing one timer and associated registers 
is shown in Figure 3. 



INTERNAL BUS 



t 






i i 




— 
8 


' t 


MODE 
REGISTER 

(T«R| 


m—*' 


(HIGH ILOW 
BYTE) BYTE) 

MODULUS REGISTER 


n— ► 


(HIGH (LOW 
BYTE) BYTE) 

READ BUFFER 




L 


CONTROL 


i 




A 


L 


START/STOP LOGIC 

AND 

PRESCALER 


TCLK _ 


TIMER 

116) 


,s 


















COUNT 








OUTPUT 
CONTROL 
LOGIC 
(SYNC) 


^TOUT 



T 



FIGURE 3. Timer Internal Block Diagram (One of Two) 



TIN, TOUT, AND TG 

Timer has dedicated pins for its clock, TOIN, and its out- 
put, TOOUT. Timer 1 must borrow its input and output pins 
from port C. This is accomplished by writing to the TMR for 
timer 1 . If mode 1 ,2,3,4,5, or 6 is specified in TMR 1 , the 
pins from port C (PC3, PC4, and PCS) are automatically 
made available to the timer(s) for gating (TG), T1 IN, and 
T1 OUT, respectively These pins are also taken from port C 



any time timer is in mode 2, 3, or 4. This is also automat- 
ically accomplished by writing TMR 0. In order to reconfi- 
gure pins PC3, PC4, PCS to their original configuration as 
standard I/O, the timer mode registers must be reset by 
selecting mode or 7. 

TG (PC3), the timer gate, is used to hardware control the 
starting/stopping (or triggering) of the timers. The timer gate 
may be used individually by either timer or simultaneously 
by both timers. 

For modes 2 and 3, the timer starts on the gate-active tran- 
sition assuming the start address was previously written. If 
the timer gate makes an activetransitiofi prior to 3r write to 
the start address, the trailing edge of the WR strobe starts 
the timer. However, for mode 4 the timer always waits for an 
active gate edge following a write to the start address. 

The DDR for port C must be programmed with the correct 
I/O direction for TG and the input and output of timer 1 . See 
Table V for programming examples. 

TIMER MODES 

The low-order three bits (bits 0,1,2) of the timer mode reg- 
isters (TMR) define the mode of operation for the timers. 
Each TMR may be written to, or read from, at any time. 
However, to ensure accurate timing, it is important to modify 
the mode of the timer only when the timer is stopped. Inputs 
of 000 or 1 1 1 will define a NOP (no operation) mode, the 
timer is stopped and the output is inactive. Inputs of 001 
through 1 1 will select one of six distinct timer functions. 

In the explanations that follow, assume that the modulus for 
the timer is loaded with the appropriate value by writing to 
the low and high bytes of each timer (I/O addresses X'10 
and X'11 for timer TO and X'12 and X'13 for timer T1). 
Assume also that the timer is started by writing the I/O 
address X'lS (TO) or X'17 (T1) and the prescaler is not 
selected. 

Event Counter (Mode 1, TMR Bits = 001) 

In the non-gated mode,the count is decremented for each 
clock period at the input of the timer (see Figure 4a). When 
the count reaches zero, the output go^s valid and remains 
valid until the timer count is read by the CPU, or the timer is 
halted. 

The timer is reloaded at the terminal count ( = 0) with the 
modulus and continues to decrement even when the output 
is valid. 



TABLE V. TIMER PROGRAMMMING SECTION EXAMPLE 



Mode Register Bit 
7 6 5 4 3 2 10 



Output 

Sense 

Active 

L/H 



Timer 

Gate 

Polarity 

Active 

L/H 



Mode Description 

Single/Double 

Precision 

S/D 



Prescale 
Value 



Timing 
Mode 



Port C DDR 



5 4 3 2 10 



TIMER 














xxxxxOOO 
0x000001 
1x011110 
10 110 
1 10 10 


X 

L 
H 
H 

L 


X 
X 
X 

H 
L 


X 

D 

S 


X 

-r 1 

^64 
^2 

-r 1 




1 

6 
4 
2 


X X X X X X 
X X X X X X 
X X X X X X 

1 X X X 
1 X X X 



TIMER 1 



X X X X X 1 1 1 


X 


X 


X 


X 


7 


X X X X X X 


0x0x0001 


L 


X 


D 


^ 1 


1 


1 X X X 


10 1x110 1 


H 


L 


S 


^2 


5 


1 X X X 


10x0011 


L 


H 


D 


^ 1 


3 


1 X X X 



x= don't care 
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TABLE VI. MODE SELECTION 



BIT 2 10 


Timer Function 





— Timer Stopped and Reset 


1 


— Event Counter 


f) 1 n 


— Fvpnt Timpr fStODwatCh^ 


1 1 


— Event Timer (Resetting) 


1 


— One Shot 


1 1 


— Square Wave 


1 1 


— Pulse Generator 


1 1 1 


— Timer Stopped and Reset 



Accumulative Timer (Mode 2, TMR Bits = 010) 

In this gated mode, the counter will decrement only when 
the gate input is active (see Figure 4b). If the gate becomes 
inactive, the counter will hold at its present value and con- 
tinue to decrement when the gate again becomes active. 
When the counter decrement is zero, the output becomes 
valid and remains valid until the count is read by the CPU 
or the timer is halted. 

At the terminal count the timer is reloaded and the count 
continues as long as the gate is active. 

Restartable Timer (Mode 3, TMR Bits = 01 1 ) 

In this gated mode, the counter will decrement only when 
the gate input is active. If the gate becomes inactive, the 
counter will reload the modulus and hold this value until the 
gate again becomes active (see Figure 4c). If the timer is 
read when the gate is inactive, you will always read the value 
the timer has counted down to, not the value the timer has 
been reloaded with. The timer restarts at its modulus value. 
The prescaler is not reset at this time. 

At terminal count the output becomes valid and the timer is 
reloaded. The timer will continue to run as normal, the only 
difference is the output is valid. Once the output is valid it 
remains valid until the count is read by the CPU or the timer 
is halted. 

Note: The gate inactive time must be longer tlian the high time of the Inter- 
nal clock on the chip. Therefore, with -h 64 prescale selected the gate 
inactive time must be 33 input clocks or greater. 

One Shot (Mode 4, TMR Bits = 100) 

In this gated mode, the timer holds the modulus count until 
the active gate edge (see Figure 4d). The output immedi- 
ately becomes valid and remains valid as the counter dec- 
rements. The gating signal may go inactive without affecting 
the count. If TG (the gate) becomes inactive and returns 
active prior to the terminal count, the modulus will be 
reloaded, retriggering the one shot period. When the timer 
reaches the terminal count, the output becomes inactive. 

Tho npto in thic mnHo ie oHno concjti\/o- tho ar>ti\/o oHno ic 

defined in TMR. 

Note: The one shot cannot be retriggered during its last internal count 
regardless of prescaler selected. Therefore, in divide by 1 prescaler, it can- 
not be retriggered during the last clock, in divide by 2 prescaler, during the 
last two clocks and divide by 64 prescaler, during the last 64 clocks. 

Square Wave (Mode 5, TMR Bits = 101) 

In this non-gated mode, the output will go active as soon as 
the timer is started. The counter decrements for each clock 
period and complements its output when zero is reached 
(see Figure 4e). The modulus is then reloaded and count- 
ing continues. Assuming a regular clock input, the output 
will then be a square wave with a period equal to twice the 
value loaded into the modulus. Therefore, varvinathe mod- 



ulus will vary the duty cycle of the square wave. 

Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the beginning 
of the cycle, the timer mode register must be reset by 
selecting mode and then reprogramming the timer. 
Pulse Generator (Mode 6, TMR Bits = 1in) 

In this non-gated mode, the counter decrements for each 
clock period (see Figure 4f). When the timer decrements 
to zero, the output becomes valid for one clock width. 
With a prescale of divide by 2 the output will be valid for one 
full clock and with divide by 64 prescale the output will be 
valid for 32 clocks. The modulus is then reloaded and the 
sequence is repeated. Varying the modulus value will vary 
the frequency of the pulse. 

Stopping then restarting the timer does not reset the timer. 
In order to reload the modulus and start from the beginning 
of the cycle, the timer mode register must be reset by 
selecting mode and then reprogramming the timer. 

TIMER MODE REGISTER 

The timer mode register (TMR) may be written or read at 
any time; however, to assure accurate timing it is important 
to modify the mode when the timer is stopped. The timer 
mode is selected from one of six modes with TMR bits 0, 1 , 
and 2. Bits 3 and 4 select the prescale value if the prescaler 
is to be used. Bits 5, 6 and 7 select the read/write 
mode, gate input polarity and output sense (active-high or 
low). The bit functions of the TMR are further illustrated in 
Figure 6. 



TMR 7 6 5 4 3 2 1 



^ 



TIMING MODE 
PRESCALE VALUE 
SINGLE/DOUBLE PRECISION 
GATE INPUT POLARITY 
OUTPUT SENSE 



FIGURE 6. Timer Mode Register 



Timer Prescaler 

There is a prescale function associated with each timer. It 
serves as an additional divisor to lengthen the counts for 
each timer circuit. The value of the divisor is fixed and 
selectable in each TMR. 

The timer output is affected by the prescale selection. The 
output responds to the timer clock, not the incoming clock 
(TIN); so, TOUT will be prescaled by the same value as the 
timer. Although the 1 6-bit prescaled count of the timer may 
be read, the internal value of the prescaler cannot be read 
by the user. A "00" for either timer represents h- i (nopre- 



Timer Bit 



4 3 



1 

1 1 



Prescale 

^ 1 
^ 2 
H-64 



Timer 1 has only the -^ 2 prescale available; TMR bit 4 is a 
"don't care". 



Timer Bit 



4 3 

X 
X 1 



Prescale 

^ 1 
^ 2 



Single/Double Precision 

A two-byte word (or a single byte when one byte is a "don't 
care"1 mav bfi rpar) frnm nr wrlttpn tn thp timorc Tn nmnram 
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Timer Mode Examples (Modulus register is loaded with 0004 for these examples) 

-ONE CYCLE 




4 4 4 4 ^-►4 3 2 10 



OUTPUT 
(ACTIVE-LOW 
INTEBRUPT) 



^ 



!=r~^ 



FIGURE 4a. Event Counter Mode (Mode 1) 
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^ 



FIGURE 4b. Accumulative Timer (Mode 2) 
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FIGURE 4c. Restartable Timer (Mode 3) 




r 



F 



FIGURE 4d. One Shot (Mode 4) 



h d ^ 



FIGURE 4e. Square Wave (Mode 5) 



> 4 4 3 2 1 14 3 2 1 [ j 4 3 2 10 

qy 



quj 

FIGURE 4f. Pulse Generator (Mode 6) 
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TIMER CLOCK FOR 
NON-GATED MODES 

(1.5,61 

TG (GATING SIGNAL) 

(THR6 = 0) 

TIMER CLOCK FOR 

GATED MODES 

{2. 3, 4) 




INTERNAL TIMER ACTIVE 



Note: Diagonal lines indicate interval of invalid data. 
For mode 4 (one shot), only start-timing applies 
twsT-WR set-up for starting timer 150 ns 



twsp-WR set-up for stopping timer 1 50 ns 
tosT-TG (gate) set-up for starting timer 1 00 ns 
tosp-TG (gate) set-up for stopping timer 1 00 ns 



FIGURE 5. Start/Stop Timing 



the timer buffers, TMR bit 5 must be set as follows: 

0-Double byte read or write low byte first, then high byte. 
The order of low byte first, fiigh byte second must be 
maintained for proper Read /Write communications 

1 -Single byte read or write low byte only-high byte "don't 
care" or high byte only with low byte "don't care." 

The difference between these modes is that the double 
byte mode freezes the read buffer or the modulus register 
until you have had an opportunity to read or write both bytes. 
The following example clearly illustrates this point. If the 
timer had a value of 200 when the low byte was read and 
then decremented to 1 FF before the high byte was read then 
the double byte mode would have read 00 and 02, respec- 
tively The single precision mode would have read 00 and 
01. 

Note: In the double precision mode, the high byte should be read imme- 
diately after the low byte. Do not access any other registers or unused 
address location between the reads. 

Gate Input Polarity 

The TG input is the hardware control for starting and stop- 
ping the timers. For modes 2 and 3, the timer starts on the 
gate-active transition assuming the start address was pre- 
viously written. If the timer gate makes an active transition 
prior to a write to the start address, the trailing edge of the 
WR strobe starts the timer However, for mode 4 the timer 
always waits for an active gate edge following a write to the 
start address. 

The polarity of the gate input may be selected by the con- 
tents of bit 6 of the TMR. If bit 6 equals 0, the gate signal will 
be active-high or positive edge for mode 4; if bit 6 equals 1 , 
the gate polarity will be active-low or negative edge for 
mode 4. 

Timer Output Polarity 

Like the gating function, the polarity of the output signal is 
also programmable via bit 7 of the TMR. A zero will cause 
an active-low output; a one will generate an active-high 
output. 

The output for T1 is multiplexed with port C, bit 5. (Similarly 
T1IN is multiplexed with port C, bit 4.) When any timer mode 
other than or 7 is specified for T1 , or when mode 2, mode 
3, or mode 4 is specified to TO, the three port C pins, bit 3, 
bit 4, and bit 5, become TG, T1IN, and T1 OUT, respectively. 



TIMER PROGRAMMING 

The proper sequence to program the timer is as follows: 

1 . Write timer mode register with mode or 7 selected. This 
stops the timer, resets the prescaler, and sets internal clock 
high. 

2. Write timer mode register again, this time setting it up to 
your requirements. 

3. Write the modulus values, low byte first, high byte second. 

4. Start the timers. 

The timer output latches are only updated when the internal 
timer clock gets an active transition. The internal timer clock 
is defined as the output of the prescaler. Therefore, it is 
impossible to read back the value just written to the timer 
unless you have an active transition on the internal clock. 

To guarantee the integrity of the data during a read opera- 
tion, updates to the timer output latches are blocked out. If 
an update is blocked out due to a read, the output latches 
will not be updated until the next active transition. If contin- 
uous reads were made to the timers and an update was 
blocked out it would appear as if a count was skipped. For 
example, if the output latches were FF when a block out 
occurred, the next update would occur at FD, thereby giving 
an appearance of the count FE being skipped. In actuality 
the correct number of clocks has occurred for the timer to 
read FD. 

Writing the modulus value when the timer is running does 
not update the timer immediately The new value written will 
get into the timer when the timer hits its terminal count and 
reloads its value. If the timer is stopped and a modulus is 
written the new modulus value will get into the timer only if 
the internal clock is high for some period before the start 
command. If it does not go high then the next time the timer 
hits its terminal count it will load the new modulus. One way 
to guarantee the data will get into the timer immediately is 
to follow steps 1 -4. Although this procedure guarantees that 
the data will get into the timer you will not be able to read it 
back until you get an active transition on the internal clock. 

Rewriting modulus does not reset the prescaler. The only 
way to reset the prescaler is to write the mode register and 
have internal clock signal be high for some period between 
the write of the mode register and the start of the timer Once 
again steps 1 through 4 will reset the prescaler. 
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ABSOLUTE MAXIMUM RATINGS (Note 1) 

Storage Temperature Range - 65°C to + 1 50°C 

Voltage at Any Pin with Respect to Ground - o.3V to Vcc + 0.3V 

Vcc 7V 

Power Dissipation 

Lead Temperature (Soldering, 10 seconds) 



■li 



.300°C 



OPERATING CONDITIONS Vcc = 5V ± 10% 



>e 



'^a, 



.'X^ts 



m^ 



DC ELECTRICAL CHARACTERISTICS T^ = 0°Cto70°C, Vcc = 5V ± 10%, GND = 


OV unlessoir^T*^>C!'f I 


Symbol 


Paratneter 


Conditions 


Mifv. 


Typ. 


Max. 


-^;. 


V,H 


Logical 1 Input Voltage 




0.7 V^ 




Vcc 


V - 


V,L 


Logical Input Voltage 









0.2 Vcc 


V 


VoH 


Logical 1 Output Voltage 


loH = - 1 .0 mA 
louT= -10/iA 


2.4 
Vcc -0.5 






V 
V 


Vol 


Logical Output Voltage 


loL = 2 mA 
'out = IOaiA 








0.4 
0.1 


V 
V 


l,L 


Input Leakage Current 


0<V,^,<Vcc 


-10.0 




10.0 


M 


loL 


Output Leakage Current 


0<V„<Vcc 


-10.0 




10.0 


Ilk 


Ice 


Active Supply Current 


louT = 0, Timer = Mode 1 , TOIN = 
T1 IN = 2.5 MHz, twcY = 750 ns 




8 


10 


mA 


lo 


Quiescent Current 


No Input Switching, T^ = 25°C 




10 


100 


yJK 


C|N 


Input Capacitance 






4 


7 


PF 


CouT 


Output Capacitance 






6 


10 


PF 


Vcc 


Power Supply Voltage 




2.4 


5 


6 


V 


Vdrv 


Data Retention Voltage 




1.2 






V 



LOW VOLTAGE OPERATION Preliminary 



Voltage 


MPU810A-1 


MPU810A 


MPU810A-4 


Units 


2.4 


— 


500 


500 


kHz 


3.0 


— 


1 


1 


MHz 



Note 1 : Absolute maximum ratings are tiiose values beyond which the safety of the device cannot 
be guaranteed. Continuous operation at these limits is not intended; operation should be limited to 
those conditions specified under DC Electrical Characteristics. 



TIMER AC ELECTRICAL CHARACTERISTICS 



ice vs Speed 



f 






MAXI 


\/. 


s 

3 5 






A 


/ 

TYPICAL 




/ 


y 







/ 


r 







4500 3000 1500 1000 750 

ttvcY (ns) 

12 3 4 

MPU800 CLOCK SPEED* (MHz) 

•When MPU801 A is used with NSC800 



Symbol 


Parameter 


Conditions 


MIn 


TVP 


Max 


Units 


Fc 


Clock Frequency 




DC 




2.5 


MHz 


Fqp 


Clock Frequency 


Prescale Selected 


PC 




5.0 


MHz 


k:w 


Clock Pulse Width 




150 






ns 


^WP 


Clock Pulse Width 


Prescale Selected 


75 






ns 


KSS 


Gate Set-Up Time 


With Respect to Negative Clock Edge 


100 






ns 


tGH 


Gate Hold Time 


With Respect to Negative Clock Edge 


250 






ns 


^0 


Clock to Output Delay 


Cl = 100 pF 






350 


ns 
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AC ELECTRICAL CHARACTERISTICS 



Symbol 


Parameter 


Conditions 


MPU810A-1 


MPU810A 


MPU810A-4 


Units 


Min 


Max 


IMin 


IMax 


Min 


Max 


Wc 


Access Time from ALE 


CL=150pF 




1000 




400 




300 


ns 


t.o 


AD0-7,CE.IOT/M Hold Time 




100 




60 




30 




ns 


tALE 


ALE Strobe Width (High) 




200 




125 




75 




ns 


Urw 


ALE to RD or WR Strobe 




150 




120 




75 




ns 


tAS 


ADO-7, CE, lOT/M Set-Up Time 




100 




75 




40 




ns 


toH 


Data Hold Time 




150 




90 




40 




ns 


too 


Port Data Output Valid 






350 




310 




300 


ns 


Ids 


Data Set-Up Time 




100 




80 




50 




ns 


tpE 


Peripheral Bus Enable 






320 




200 




200 


ns 


tpH 


Peripheral Data Hold Time 




150 




125 




100 




ns 


tps 


Peripheral Data Set-Up Time 




100 




75 




50 




ns 


tpz 


Peripheral Bus Disable 
(TRI-STATE®) 






150 




150 




150 


ns 


Irb 


RD to BF Output 






300 




300 




300 


ns 


tpD 


Read Strobe Width 




400 




320 




220 




ns 


Irdd 


Data Bus Disable 







100 





100 





75 


ns 


tR, 


RD to INTR Output 






320 




320 




300 


ns 


^RWA 


RDorWRtoNextAle 




125 




100 




75 




ns 


tsB 


STB to BF Valid 


1 


300 




300 




300 


ns 


tsH 


Peripheral Data Hold with Respect 
to STB 




150 




125 




100 




ns 


ts, 


STB to INTR Output 






300 




300 




300 


ns 


tss 


Peripheral Data Set-Up With 
Respect to STB 




100 




75 




50 




ns 


^SW 


STB Width 




400 




320 




220 




ns 


%B 


WR to BF Output 






340 




340 




300 


ns 


'wi 


WR to INTR Output 






320 




320 




300 


ns 


IWR 


WR Strobe Width 




400 




320 




220 




ns 


twcv 


Width of Machine Cycle 




3000 




1200 




750 




ns 



t rh 1 1 
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AC TESTING INPUT/OUTPUT WAVEFORM 



AC TESTING LOAD CIRCUIT 






DEVICE 
UNDER 
TEST 



'iSOpF 



TIMER WAVEFORMS 



CLK 



GATE 



OUTPUT 
(ACTIVE LOW) 



-tcwp— * 
-tew- 



r~^ 



-tQH 



-tco 



^ \ / \ / \ 



N r 



-tco 



GENERAL TIMING WAVEFORMS 



lOT/M 
CE 



AD (0-7) 



Mi 



Read Cycle (Read from RAM, Port or Timer) 

twCY 



IOT/n = 0OR1 



[*tAH* 



ADDRESS IN 



*tAS- 



-tALE- 



\ 



-Ucc- 



-tAflVK- 



tROD- 



-tRD- 



*| I* tRVM ► 



PERIPHERAL 
(PORT) BUS 



-tPH 




Note: Diagonal lines indicate Interval of invalid data. 

Write Cycle (Write to RAM, Port or Timer) 

IWCY 



AD (0-7) 



PERIPHERAL ^ 
(PORT) BUS 




Note: Diagonal lines indicate interval of invalid data. 



621 



HANDSHAKE TIMING 



Strobed Mode Input 




/IV 



AD (0-7) 



PORTA' 
ADDRESS VALID 



^o-@c>-- 



Note: Diagonal lines indicate interval of invalid data. 



Strobed Mode Output 




AD (0-7) 



M 

MS 
BF 

STB 



PORT A ADDR 



DATA IN 



\ 



/ 



\ 



/ 



J? 



PORT A BUS ' 



ACTIVE (MODE 2) 



IDO- 



*-tSI — 



IWB — ■• "H 



tSB— » 



OLD DATA 



5t 



N r 



< tsw- 



\ 



\ 



NEW DATA 



THI-STATE (MODE 3) ,P 



r*' I I 

tPE-^ — tpz—j 



-^ 



^---~ 



Note: Diagonal lines Indicate Interval of Invalid data. 



STANDARD MICROSYSTEMS 
CORPORATION^ 



(5161?73.31X TV(x. 510 2?T 8898 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable. Hovi/ever, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CORPORATION^ 



MPU 830 
MPU 831 

PRELIMINARY 



MPU 830 ROM I/O Device 
MPU 831 I/O Device 



FEATURES 

D Variable Power Supply: 2.4V-6.0V 

D Pin-Compatible With NSC830/NSC831 

D Three Programmable I/O Ports 

D 2K X 8 Read Only Memory (MPU830) 

D Very Low Power Consumption 

D Fully Static Operation 

D Single Instruction I/O Bit Operations 

D Bus Compatible With MPU800 Family 

D Strobed Mode Available on Port A 



PIN CONFIGURATION 



PAO 

A8 

A9 

A10 

RESET 

CEo/CEo: 

lO/M 

I0R/CE,/CE/ 
RD 
WR 
ALE 
ADO 
AD1 
AD2 
AD3 
AD4 
ADS 
AD6 
AD7 

Vcc 



m 

C2 

P3 

4 

5 



6 

7 
d8 
C 9 
C 10 
C 11 



ni7 

C 18 
C19 
C20 



40 
39 
38 
37 
36 
35 
34 
33 
32 
MPU830 31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 



Vcc 
PA1 
PA2 
PA3 
PA4 
PAS 
PA6 

PA7 

PCO/INTR 

PC1/BF 

PC2/STB 

PCS 

PBO 

PB1 

PB2 

PB3 

PB4 

PBS 

PB6 

PB7 



RESET 
CEo 
Vcc 
CE, 
RD 
WR 
ALE 
ADO 
AD1 
AD2 
ADS 
AD4 
ADS 
AD6 
AD7 
Vss 



1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

12 

13 

di4 

qi5 

C 16 
C17 
C18 
C19 
C20 



40 
39 
38 
37 
36 
35 
34 
33 
32 
MPU831 31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 



Vcc 
PA1 
PA2 
PAS 
PA4 
PAS 
PA6 

PA7_ 

PCO/INTR 

PC1/BF 

PC2/STB 

PCS 

PBO 

PB1 

PB2 

PBS 

PB4 

PBS 

PB6 

PB7 



*Pin 6 is mask programmable as CEp or CEq 

Pin 8 is mask programmable as lOR, CE,, or CE, 



"Tie pins 2, 3 and 4 to either Vcc or Vgg. 



GENERAL DESCRIPTION 

The MPU830 is a combination ROM and I/O 
peripheral device contained in a standard 40 pin 
package. 

The ROM is comprised of 16,384 bits of Read 
Only Memory organized as 2048 by 8. 

The I/O portion consists of 20 programmable 
input/output bits arranged as three separate ports, 
with each bit individually definable as an input or 
output. The port bits can be set or cleared individ- 
ually and can be written or read in bytes. Several 
types of strobed mode operations are available 
through port A. 

The MPU831 is similar to the MPU830 except 
that is contains no ROM. The MPU831 is useful for 
prototyping work prior to ordering the MPU830, and 
when on chip ROM is not required. 



Figure 1 



ADDKESS/ 

DATA 
BUFFERS 

AND 
LATCHES 



BLOCK DIAGRAM 
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DESCRIPTION OF PIN FUNCTIONS 



PIN NO. 



40 



20 



NAME 



+ 5 Volt 



Ground 



SYMBOL 



GND 



Input Signals 



10 



11 



2-4 



Master Heset 



Input/Output/Memory 
Select 



Chip Enable 
Chip Enable 1 



Read 



Write 



Address Latch Enable 



Address Bus A8-A10 



RESET 



lO/M 



CEO/CEO 

I0R/CE1/CE1 



RD 



WR 



ALE 



A8, A9-A10 



Input/Output Signals 



12-19 



1,39-33 
28-21 
32-29 



Bidirectional Address/ 
Data Bus 



Port A, Bits 0-7 
Port B, Bits 0-7 
Port C, Bits 0-3 



AD0-AD7 



PA0-PA7 
PB0-PB7 
PC0-PC3 



FUNCTION 



5 volt supply 



Ground 



An active-high input on the RESET pin initializes the chip causing the three 
I/O ports (A, B and C) to revert to the input mode. The three ports, the three 
data direction registers and the mode definition register are reset to 
low (0). 



The lO/M pin is a latched, select input line. A high (1 ) input selects the I/O 
portion of the chip; a low (0) input selects the ROM portion of the chip. The 
select input is latched by the trailing edge (high to low transition) of the ALE 
signal. 



The chip enable inputs are mask programmable at the factory The CE 
inputs permit the use of multiple MPU830S in a system without using a chip 
select decoder. The CE inputs must be active at the falling edge of ALE. 
At ALE_time, the CE inputs are latched to provide access to the MPU830. 
The lOR input performs the same function as the combination of lO/M input 
high and the RD input low. 



When the RD (or the lOR, when mask programmed) inp ut is a n active low, 
data is read from the AD0-AD7 bus. When both RD and lOR are high, the 
AD0-AD7 bus is in the high impedance state. 



When the CE inputs are active, and the lO/M input is high, an active low 
WR input causes the selected output port to be written with the data from 
the AD0-AD7 bus. 



The trailing edge (high to low transition) of the ALE input signal latches the 
address/data present_on the AD0-AD7 bus, A8-A10 bus, plus the input 
control signals on lO/M, CEq/CEo, and CE,/CE,. 



The high-order bits of the ROM address are input on this 3-bit bus and are 
latched by the high-to-low transition of the ALE input. These bits do not 
affect the I/O operations. 



The lower 8 bits of the ROM or I/O address are applied to these pins, and 
latched by the trailing edge of ALE. During read operations, 8 bits are pres- 
ent on these pins, and are read when RD or lOR is low. During an I/O write 
cycle. Port A, B, or_CJs written with the data present on this bus at the 
trailing edge of the WR strobe. 



These are general purpose I/O pins. Their input/output direction is deter- 
mined by the contents of the Data Direction Register (DDRs). 



FUNCTIONAL DESCRIPTION 

Refer to Figure 1 for a detailed block diagram of the 
MPU830. 

Read Only Memory (ROM): The memory portion of the 
ROM-l/0 is accessed by anl 1 -bit address input to pins ADO- 
AD? and A8-A1 0. The lO/M input must be low (ROM select) 
and the chip enable pins in the active programmed state at 
the falling edge of ALE to address the ROM. Timing for ROM 
read and write operations is shown in the timing diagrams. 
Input/Output (I/O): The I/O portion of the MPU830 con- 
tains three sets of I/O called Ports. There are two ports (A 
and B) which contain 8 bits each and one port (Port C) which 
has 4 bits. Any bit or combination of bits in a port may be 
addressed with Set or Clear commands. A port can also be 
addressed as an 8-bit word (4 bits for Port C). When reading 
Port C, bits 4-7 will be read as ones. All ports share common 
functions of Read, Write, Bit-Set and Bit-Clear. Additionally, 
Port A is programmable for strobed (handshake) mode input 
or output. Port C has a programmable second function for 
each bit associated with strobed modes. Table 1 defines 
the address location of the ports and control registers. 

'TRI-STATE*- is a registered trademark of National Semiconductor 
Corporation. 



MODE DEFINITION REGISTER (MDR) 

The Mode Definition Register (MDR) defines the operating 
mode for Port A. While Ports B and C are always in the basic 
I/O mode, there are four operating modes for Port A: 

Mode 0-Basic I/O (Input or Output) 

Mode 1 -Strobed Mode Input 

Mode 2-Strobed Mode Output 

• Active Peripheral Bus 
Mode 3-Strobed Mode Output 

• TRI-STATE® (high impedance) 
Peripheral Bus 

The MDR has the I/O address assignment XXX001 1 1 . The 
bit configuration for the mode selection is illustrated below: 



Mode 


Bit 


7 


6 


5 


4 


3 


2 


1 








X 


X 


X 


X 


X 


X 


X 





1 


X 


X 


X 


X 


X 


X 


n 


1 


2 


X 


X 


X 


X 


X 





1 


1 


3 


X 


X 


X 


X 


X 


1 


1 


1 



NOTE: X = don't care 
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Table 1 . I/O and Address Designations 



8-Bit Address Field 

Bits 

5 4 3 2 



X 


X 


X 


X 





X 


X 


X 


X 





X 


X 


X 


X 





X 


X 


X 


X 





X 


X 


X 


X 





X 


X 


X 


X 





X 


X 


X 


X 





X 


X 


X 


X 





X 


X 


X 


X 




X 


X 


X 


X 




X 


X 


X 


X 




X 


X 


X 


X 




X 


X 


X 


X 




X 


X 


X 


X 




X 


X 


X 


X 




X 


X 


X 


X 





Designation 
I/O Port, etc. 



Port A (byte) 

Port B (byte) 

Port C (byte) 

Not Used 

DDR — Port A 

DDR — Port B 

DDR — Port C 

Mode Definition Register 

Port A — Bit Clear 

Port B — Bit Clear 

Port C — Bit Clear 

Not Used 

Port A — Bit Set 

Port B — Bit Set 

Port C — Bit Set 

Not Used 



R (Read) 
W (Write) 



R/W 
R/W 
RW 

W 
W 
W 
W 
W 
W 
W 

W 
W 
W 



NOTE:X = don't care 



DATA DIRECTION REGISTERS (DDR) 

Each port bit has a data direction register (DDR) which 
defines the I/O state of the bit. The bit is configured as an 
input if a "0" is written into its DDR, or as an output if a "1 " 
is written. The DDR bits cannot be individually written to: 
the entire DDR byte is affected by a write to the DDR 
address. Thus all data must be consistent with the direction 
desired for each port. 

Any write or read operations on a port contradicting the DDR 
will not affect the port output or input. However, a read of a 
port bit defined as an output will cause a read from the out- 
put latch, and a write to a port bit defined as an input will 
modify the output latch. 

PORT FUNCTIONS— BASIC I/O 

Basic I/O is the mode of operation of Ports B and C and 
mode of Port A (defined by the MDR). Read, write, and bit 
operations can be executed in the basic l/Omode. The tim- 
ing for basic input and basic output modes is shown in the 
AC Characteristics tables. 

When a read occurs the information is latched from the 
peripheral bus on the leading (falling) edge of the RD strobe. 
When a write occurs the port bus is modified after the trail- 
ing (rising) edge of the WR strobe with data from the AD 
bus. Port output data remains valid on the output pin from 
one tiailing edge of WR strobe to the trailing edge of the 
next WR strobe. 

BIT OPERATIONS 

The I/O features of the ROM-l/0 allow modification of a sin- 
gle bit or several bits of a port with Bit-Set and Bit-Clear (see 
Figure 2). The address is set up to indicate that a bit set (or 
clear) is taking place. The incoming data on the address/ 
data bus is latched at the trailing edge of the WR strobe and 
is treated as a mask. All bits containing "Is" will cause the 
indicated operation to be performed on the corresponding 
port bit. All bits of the data mask with "Os" cause the cor- 
responding port bits to remain unchanged. Three sample 
operations are given, using Port B as an example: 



Operation 


SetB7 


BitB2 
and BO 


Set B4, B3 
andB1 


Address 

Data 

Port Pins 
Prior State 
Next State 


XXX01101 
10000000 

00001 1 1 1 
-10001111 


XXX01001 
00000101 

10001111 
10001010 


XXX01101 
00011010 

10001010 
10011010 



INTERNAL 

DATA BUS WR (SET) 



WR I WR (CLR) 

JLi 



OUTPUT DATA 
LATCH 



hr^ 



P(i) 



WR (DDR) 



o |ddr| y 



(DATA DIRECTION) 



RD I 



«-► 



MUX 



INPUT DATA 
UTCH 



FIGURE 2. Block Diagram for Port Bit (i) 



PORT A-STROBED (HANDSHAKE) MODE 

Port A can be programmed (via the MDR) into one of 3 types 
of strobed mode for handshake communication with intel- 
ligent peripherals. When Port A is in mode 1 , 2, or 3 (see 
description of MDR), Port C pins 0, 1, and 2 are used as 
signals to and from the peripheral and to the CPU, control- 
ling handshake opera tions. These control signals are des- 
ignated STB, BF, and INTR. Timing parameters and timing 
diagrams are detailed under AC Characteristics. 
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INTR 



(Strobe Mode Interrupt) is an active-low 
interrupt from the I/O to the CPU. In strobed 
input mode, the CPU reads the valid data at 
Port A to clear the interrupt. In strobed output 
mode, the CPU clears the interrupt by writing 
to Port A. 



Tho IMTD n$ itl->i it ^-ar^ (-,« ^r. 



^UI..^^ >._^: Ul_. 



STB 



thus giving the ability to control strobed data 
transfer under software control. It is enabled 
or disabled respectively, by setting ( = 1 ) or 
clearing (= 0) the output data latch of bit 2, 
Port C. Port bit PC2 is used as the STB input. 
Since PC2 is always an input during strobed 
mode of operation, its output data latch is not 
needed. Therefore, during strobed mode of 
operation it is internally g ated w ith the inter- 
rupt signal to generate the INTR output. Reset 
clears this bit to zer o, so it must be set to one 
to enable the INTR pin for strobed operation. 
Once the strobed mode of operation is pro- 
grammed, the only way to change the output 
data latch of PC2 is by using the Bit-Set and 
Clear instructions. The Port C byte write 
command will not alter the output data latch 
of the PC2 during the strobed mode of 
operation. 

(Strobe) is an active-low input from the 
peripheral device, signaling that data trans- 
fer is about to begin. This strobe is inter- 
preted as an "output request" if Port A is in a 
strobed output mode, or as a "data valid" sig- 
nal if Port A is in strobed input mode. 



BF (Buffer Full) is an output from the I/O to the 

peripheral signaling that data transfer is com- 
plete. In strobed input mode this strobe indi- 
cates that data is received into Port A and that 
no further data should be transmitted by the 
peripheral device until the port has been read 
(flmntipri\ In strobsd 0'jt"'jt mcds th'' '^^ 
indicates that the request from the peripheral 
has been processed by the CPU and the valid 
data now appears in Port A. 

The bits of Port C that are used for handshake control of 
Port A (bits CO, CI , and C2) must be direction-defined 
appropriately in the DDR. Also, the DDR of Port .A must be 
consistent with the mode specified in the MDR. Register set^ 
up configurations for the three handshake modes are illus- 
trated in Table 2. 



Table 2. Mode Definition Register Configurations 


Mode 


MDR 


DDR 
Port A 


DDR 
PortC 


PortC 
Output 
Latch 


Strobed 
Input 

Strobed 

Output 

(Active) 

Strobed 
Output 
(TRI- 
STATE) 


XXXXXX01 
XXXXX01 1 

XXXXX1 1 1 


00000000 

11111111 
11111111 


XXX01 1 
XXX01 1 

XXX01 1 


XXXI XX 
XXXI XX 

XXXI XX 



ABSOLUTE MAXIMUM RATINGS 

Storage Temperature Range _ q^oq ^^ _^ ^ gQOQ 

Voltage at Any Pin With Respect to Ground ....."....!........!...... -0.3V to Vcc + 0.3V 

^cc jy 

Lead Temperature (Soldering, 10 seconds) 3"oO°C 

Power Dissipation .!.!..!!...!!!.!!'.!.! i w 

Note: Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. Continuous operation 
at these limits is not intended; operation should be limited to those conditions specified under DC Elf/^^-^-s-Characteristics. 



DC ELECTRICAL CHARACTERISTICS \ = 0°C to 70°C, Vcc = 5V ± 10%, GND = 




§*!* 

*^-.^ 


^it4i5^ 


Symbol 


f^rameter 


Test Conditions 


Min 


Typ 




V,H 


Logical 1 Input Voltage 




0.7 Vcc 




Vcc 


V,L 


Logical Input Voltage 









0.2 Vcc 


V 


VoH 


Logical 1 Output Voltage 


loH = - 1 -0 mA 


2.4 






V 




1 _ Hrt - A 

'OUT - - 1 u /art 


Vcc -0.5 






V 


Vol 


Logical Output Voltage 


loL = 2 mA 







0.4 


V 




Iqut = IO/xA 







0.1 


V 


l,L 


Input Leakage Current 


0<V„<Vcc 


-10.0 




10.0 


/iA 


loL 


Output Leakage Current 


0<V,^<Vcc 


-10.0 




10.0 


fxA 


■cc 


Active Supply Current 


'out = 0, twcY = 750 ns 




8 


10 


mA 


Iq 


Quiescent Current 


No Input Switching, T^ = 25°C 




10 


100 


fiA 


0|N 


Input Capacitance 






4 


7 


PF 


CoUT 


Output Capacitance 






6 


10 


pF 


Vcc 


Power Supply Voltage 




2.4 


5 


6 


V 



626 



LOW VOLTAGE OPERATION Preliminary 



Icc vs. SPEED 



Voltage 


MPU831-1 


MPU831 


MPU831-4 


Units 


2.4 


— 


500 


500 


l<Hz 


3.0 


— 


1 


1 


IVIHz 



AC TESTING INPUT/OUTPUT WAVEFORM 



zx 



70% 
20% 



70% 
20% 



YH 



AC TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 





4500 



3000 



1000 



150 pF 



1500 

twcY (ns) 

1 2 3 

MPU800 CLOCK SPEED* (MHz) 



AC ELECTRICAL CHARACTERISTICS 










/i 


"•-^eir^- 


Symbol 


Parameter 


Test 
Conditions 


MPU830-1 
MPU83M 


MPU830 / 
MPU831 1 


^' 


^"/i!^^ 


Min 


Max 


Min 


Max 


Min 




tACC 


Access Time from ALE 


Cl= 150 pF 




1000 




400 




300 


ns "~~~^ 


tAH 


AD0-AD7, CE, lOT/M Hold Time 




100 




60 




30 




ns 


tALE 


ALE Strobe Width (High) 




200 




125 




75 




ns 


^ARW 


ALE to RD or WR Strobe 




150 




120 




75 




ns 


tAS 


AD0-AD7, CE, lOT/M Set-Up Time 




100 




75 




40 




ns 


toH 


Data Hold Time 




150 




90 




40 




ns 


too 


Port Data Output Valid 






350 




310 




300 


ns 


tos 


Data Set-Up Time 




100 




m 




50 




ns 


tpE 


Peripheral Bus Enable 






320 




200 




200 


ns 


tpH 


Peripheral Data Hold Time 




150 




125 




100 




ns 


tps 


Peripheral Data Set-Up Time 




100 




75 




50 




ns 


tpz 


Peripheral Bus Disable 
(TRI-STATE®) 






150 




150 




150 


ns 


tpB 


MD to BF Output 






300 




300 




300 


ns 


tRO 


Read Strobe Width 




400 




320 




220 




ris 


tRDD 


Data Bus Disable 







100 





100 





75 


ns 


ta, 


RI5 to IRTR Output 






320 




320 




300 


ns 


tpWA 


RDtoWRtoNextALE 




125 




100 




75 




ns 


tsB 


STB to BF Valid 






300 




300 




300 


ns 


tsH 


Peripheral Data Hold With Respect 
to STB 




150 




125 




100 




ns 


tsi 


STB to INTR Output 






300 




300 




300 


ns 


tss 


Peripheral Data Set-Up With 
Respect to STB 




100 




75 




50 




ns 


Uw 


STB Width 




400 




320 




220 




ns 


%B 


WR to BF Output 






340 




340 




300 


ns 


twi 


WR to INTR Output 






320 




320 




300 


ns 


IWR 


WR Strobe Width 




400 




320 




220 




ns 


twCY 


Width of Machine Cycle 




3000 


1 1200 




750 




ns 
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GENERAL TIMING WAVEFORMS 



Read Cycle (Read from ROM or Port) 

Iwcr 



lO/M W 



^ 



■a/m/m 



"^»t=3 



-^•t=r^ 



''««""■ 



X 



\ 



PERIPHERAL 
IPORT) BUS 



M^ 




Note: Diagonal lines indicate interval of invalid data. 



r- 



— *| iROD "*~ 



^r— ^T^TTTWT' 



u^lM: 



Write Cycle (Write to Port) 

twcr 



^ 



^ 



^ 



-tAS ► ■•— lAH-" 



if 



Ids I- — loH — ^ 



JGIl 



'M 



[- IWR -j -" too ► 



PERIPHERAL 
(POHTI BUS 



. .:mg§fmMmmg/fflggmMM0iiMMM 



Note: Diagonal lines indicate interval ot invalid data. 



MICROCOMPUTER FAMILY BLOCK DIAGRAM 



X 



t r^Oh M 



L^ 



CLK XOUT 

INffl 

«S7«, 8 C 

NHI 

INT« 

SO 

SI 

Sfsh 

BRCO 

BACK 

WAff 

PS 

RESET IN 


XIN Vcc GNO 

AOO-AO? ^ 

AB-Ai; 1 


181 

A13 


Vcc ONO 
A00-A07 

MPUS1DA 

K" TIMER 

WR 

ALE 

lOT/M 

RESET 


^^k PORTA 
^^^ 8 BITS 

^■^ PORTS 
^^^ 8 BITS 














^H^ PORTC 


"jur aTe 






■^^6 BITS 


ID/M — 








A8-A10 
1 A13 








\ \ 




^ 
^ 


Vcc GND 
A00-AD7 

AB-A10 

CEo HPU830 
pE- ROM 
i^' I/O 
RD 

rR 

ALE 
lO/M 
RESET 


^■^ PORTA 
^^ 8 BITS 

^I'lk 








A12 




^H^PORTB 




' 








.il«)k. 






^■^ PORTC 






'^^4BII. 














'1 
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HANDSHAKE TIMING 



strobed Mode Output 




/ 






> 



*isi-*l 






.AA. 



DM W 



■mmmmm mmr^-mr^- 



\_^ 



Note: Diagonal lines indicate inten/ai of invalid data. 



Strobed Mode Input 




\ 



r: 



\ 



I 



^■ 



^. f 



x; 



PORT A BUS 

TRI-STATE(»I0DE3| 

Note: Diagonal lines indicate interval ot invalid data. 



■\ 



\ 



-< 
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APPROVED FORMATS FOR CUSTOM PROGRAMMED PARTS 



Input Medium: 

2716EPROM 
2708 EPROM 

IMPORTANT-EPROM LABELING 

Only one customer program may be included in a single 
order. The following method must be used to identify the 
EPROMs comprising a program. 

a. The EPROMs used for storing a custom program are 
designated as shown: 

2716: Block A 0-2047 



b. All EPROMs must be labeled (stickers, paint, etc.) with 
this block designation plus a customer assigned print or 
identification number 

Example: 

1 . Customer Data 

• Custom Program Length-2K 

• Medium-Two 2708s 

• Customer Print or I.D. No. C1 23-45 

2. EPROM Labels 



2708: Block A 
Block B 



0-1023 
1024-2047 



CI 23-45 

A 
0-1023 



CI 23-45 

B 
1024-2047 
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Verification 

You will receive a listing of the options ordered and the input 
data. If you also wish to receive EPROMs for verification, 
please send additional blank EPROMs as necessary for this 
purpose. You can use software (the listing) or hardware 
(EPROMs) to verify the program. 

You will be asked for GO/NO GO response within one week 
after you receive the listing. 

VERIFICATION LISTING 

The verification listing has six sections: 



1 . A cover sheet with provision for "STOP, DO NOT PRO- 
CEED" or "VERIFICATION CERTIFIED" signatures. 

2. Description of the options you have chosen. 

3. A description of the log designations and assumptions 
used to process the data. 

4. A lietinn ni tho dStS "O'J hSV? S'jbrpltted. 

5. An error summary. 

6. A definition of the standard logic definitions for the ROM 
and the reduced form of the data. This list shows the out- 
put word corresponding to each address coded in binary. 



ORDERING INFORMATION FOR CUSTOM PROGRAMMED PARTS 

The following information must be submitted with each custom ROM program. An order will not be processed unless 
it is accompanied by this information. 



Person (Customer, Sales Representative, etc. )to whom 
Verification Package be sent: 


SMC PART NUMBER AND PACKAGE 


Name 


ROM Letter Code (SMC Use Only) 


Company 


Customer Name and Location 


Address 


Customer Print or I.D. Number for this ROM Program 


City, State, and Zip Code 


Purchase Order Number 


Person (Customer) SMC Can Contact for 
Technical Questions 


Device Marking Instruction (Unless othenwise instructed. 
SMC will always mark devices with Date Code, SMC 
Part No., and ROM Code. Any additional marking should 
be shown below.) 


Telephone Number 




Sales Representative 


Customer Service Representative 



INPUT MEDIUM 

See following page for approved formats. Please check 
the medium you are using. 

D 2716EPROM 
D 2708 EPROM 
Total number of EPROMs 



OPTIONS FOR MPU830 ROM-i/0 

Option 1 = u 
CEo Select, enter: for CEo 
1 for CEo 

Option 2 = n 

CE1/IOR Select, enter: for lOR 

1 for CE, 

2 for CEi 



STANDARD MICROSYSTEMS 
(DORPORAnON, 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information has been carefully checked and is believed to be entirely reliable However, no responsibility is 
assumed for inaccuracies Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 



SCF 9034 



Octave Bandpass Switched Capacitor Filter 



FEATURES 

D Very Flat Passband 
n Steep Transition Sl<irts 
D Extremely Linear Phase 

Response In the Passband 
n Low Harmonic Distortion 
D High Dynamic Range 
D Filter Center Frequency 

Adjustable Over Four Decades 
D No External Components Required 
n COPLAMOS® n-Channel MOS Technology 
n Only + 5v & - 5v Power Supplies Required 



PIN CONFIGURATION 









Vdda( + 5v) E 

Analog Ref. r- 
Input (Gnd) 

Clock Trigger C 
Vss(-5V) C 


1 8 

2 7 

3 6 

4 5 


3 Output 
H Input 
3 (-5V)Vssa 
3 ( + 5V)Vdd 









GENERAL DESCRIPTION 



The SMC SCF9034 is a switched capacitor filter based 
on the LERNER filter. The SCF9034 is a monolithic 
n-Channel, silicon-gate MOS circuit utilizing COPLAMOS® 
technology and contains both analog and digital circui- 
try The center frequency of the bandpass is dependent on 
the external trigger frequency and can be moved over four 
decades from 1 0Hz to 1 0KHz. 

The SCF9034 is equivalent to a six-pole pair filter and 
implements a high order bandpass filter with no external 
components required. The filter features a high dynamic 
range and very low harmonic distortion. The SCF9034 pro- 



vides the very desirable combination of flat amplitude 
response, steep transition skirts and linear phase response. 
Linear phase response ensures that all frequencies are 
passed through the filter with equal time delay thereby 
reducing signal distortion. The parallel structure of the 
SCF9034 results in faster settling times than those of a cas- 
caded network. 

Typical applications for the SCF9034 will be infhe areas 
of Data Communications, Spectrum Analysis, Signal proc- 
essing and Audio range instrumentation. 



BLOCK DIAGRAM 



Cf. 



sw1 
Vin y o — o 



Divide 
By 2 



Fs 




+ 5vA 



O-^Vout 



5vA 
Inverting Integrator 



AGnd 



+ 5vD -5vD 
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DESCRIPTION OF PIN FUNCTIONS 



PIN# 


NAME 


SYMBOL 


FUNCTION 


1 


Analog Supply (5v) 


Vdda 


Analog + 5v power supply 


2 


Analog Ref. (Ov) 


Gnd 


Gnd of Analog power supply This ground must be noise free for clean output. 


3 


Clock Trigger 


CIck 


The clock trigger is 1 09 times the center frequency (Fo) of the passband. Inter- 
nally this clock is divided by 2 to generate the sampling clock (Fs). 


4 


Digital Supply (-5v) 


Vss 


Digital - 5v power supply 


5 


Digital Supply (5v) 


Vdd 


Digital + 5v power supply 


6 


Analog Supply ( - 5v) 


Vssa 


Analog - 5v power supply. 


7 


Input 


In 


Input signal waveform. 


8 Output 


Out Output signal waveform. 



OPERATION 



Figure 1 shows a simplified block diagrann of the 
SCF9034. It only requires an external clock trigger and + 5v 
and -5v supplies. The external clock is internally divided 
by two to generate the sampling frequency, 54.5 times the 
bandpass center frequency. The sampling frequency has a 
50% duty cycle thereby eliminating the effect of varying duty 
cycle on the external clock trigger. 

The integrator portion of the SCF9034, shown in the 
simplified block diagram, uses a capacitor instead of the 
input resistor usually found in the integrator of a traditional 
active filter circuit. This capacitor is alternately switched by 
the sampling clock between the input signal and the feed- 
back capacitor. The charge transferred from Cin to Cf is a 
function of the sampling clock frequency resulting in an 
effective resistance of the input capacitor given by R = 1/ 
FsCin. The time constant of the integrator is T = Cf/CinFs 
and therefore can be varied by changing the frequency of 
the sampling clock. 



As in all sampled data systems, signals above half the 
sampling frequency will be aliased and appear in the pass- 
band. If the signal to be filtered is higher than 27 times the 
center frequency then an external antialiasing filter will be 
needed. The passband of the SCF9034 is a full octave 
measured at the -6 db points with linear phase response 
(see Fig. 2 and Fig. 3). 

One set of power supplies may be used for both analog 
and digital power but they must be decoupled and have very 
low output impedance. The noise on the Ground lines must 
be minimized in order to obtain a clean output signal. 

The SCF9034 does not require external adjustable 
components, the external clock tunes the filter's bandpass 
center frequency from 10 Hz to 10 KHz ( 4 decades ). 
Therefore the same device can be used to set up pass- 
bands with different center frequencies as shown in the typ- 
ical application of Fig. 4. 



FREQUENCY RESPONSE OF SCF9034 



-i" +_ 0;iB FS 



\ \ 



\ life A u m^ ^ 

vry ? - • i 




FIG. 2-OVERALL RESPONSE 



FIG. 3-PASSBAND RESPONSE 
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MAXIMUM GUARANTEED RATINGS* 

Operating Temperature Range 0°C to + 70°C 

Storage Temperature Range - 55°C to + 1 50°C 

Lead Temperature (soldering, 1 sec.) + 325°C 

Positive Voltage on any Pin, with respect to ( - 5v) 1 0.0 V 

Negative Voltage on any Pin, with respect to ( - 5v) - 0.3V 

*Stresses above those listed may cause permanent damage to the device. This is a stress rating only and functional 

operation of the device at these or at any other condition above those indicated in the operational sections of this 

specification is not implied. 

NOTE: When powering this device from laboratory or system power supplies, it is important that the Absolute 
Maximum Ratings not be exceeded or device failure can result. Some power supplies exhibit voltage spikes or 
"glitches" on their outputs when the AC power is switched on and off. In addition, voltage transients on the AC 
power line may appear on the DC output. If this possibility exists, it is suggested that a clamp circuit be used. 



ELECTRICAL CHARACTERISTICS (TA = 0°C to 70°C, Vdd= Vdda= +5V ± 5%, Vss = 
frequency Fo = 1 KHz (unless otherwise noted). 



Vssa = - 5v ± 5%, Center 



Parameter ■''»ir~"-- 


MIN 


TYP 


MAX 


UNIT 


COMMENTS 


D.C. CHARACTERISTICS ^ 'rj^^*"^--,..,,^ 
CLOCK INPUT / . ^'-^>Mf#A^"~~-~-^ 

Amplitude ^=^%^^'iy4ftv7 
Duty cycle ^^^^!1«S^' ""/ 












1.5 
15 




10 
85 


V 

% 


Referenced 
to -5v 


Input capacitance ^^^'^^i^t / 






10 


PF 




POWER SUPPLY CURRENT ^^^^ 


35 




50 


mA 




A.C. CHARACTERISTICS 












Overall Bandpass Operating Range 


0.010 




10 


KHz 




Major Passband Ripple 






1 


db 




Input Resistance 




2 




Mohms 




Dynamic Output Resistance 




375 




Ohms 




Recommended Output Load 
Capacitance 
Resistance 


10 




100 


pF 
Kohms 




Insertion Loss 









db 




Output Voltage Swing (p-p) 






5 


V 




Harmonic Distortion 












Output 4Vp-p 
(recommended Odbv) 






.12 


% 


RI = 500K 
CI = 85pF 


Output 3.9V p-p 
(recommended Odbv) 






.125 


% 


R1= 10K 
CI = 85pF 


Noise level 












Passband NoiselfQ^ .,00Hz 
Stopband Noise J 




213 
15 




juV/^Hz 
juV/>/Hz 




Passband Noisel^^^., KHz 
Stopband Noise J 




50 
5 




, juV/>/Hz 
AjV/^ Hz 




Passband Noisel_fo^.,0 KHz 
Stopband Noise J 




13 
1.8 




juV/y Hz 
juV/,/Hz 




Clock Feed through 

(fundamental freq. = 54.5 KHz) 
DC Offset 




25 
125 




mVrms 
mV 




VDDA PSRR @ 2.5 KHz 

(input VDD ripple = 500 mV p-p) 




-52 




db 




VSSA PSRR @ 2.5 KHz 

(input VDD ripple = 500 mV p-p) 




-39 




db 
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TYPICAL SYSTEM CONFIGURATION 

i 


Transmit 

Signal o ■ ■■ 


Transmit filter 

SCF 9034 
Low band pass 


Transmit 


Input 


' — o oignai 

Output 








>K 






Clock 

Circuitry 

Control 


LJ 






1 'To 

Other 
' Channels 




1 








^ 




Receive 
Pinml o ■ 


Receive filter 

SCF 9034 

High band pass 


Receive 


Input 


Output 









FIG. 4-FREQUENCY CONTROLLED MULTICHANNEL FILTERING 



STANDARD MICROSYSTEMS 
CX)RPORATION. 



Circuit diagrams utilizing SMC products are included as a means of illustrating typical semiconductor applica- 
tions; consequently complete information sufficient for construction purposes is not necessarily given. The 
information tias been carefully checked and is believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies. Furthermore, such information does not convey to the purchaser of the semiconductor 
devices described any license under the patent rights of SMC or others. SMC reserves the right to make changes 
at any time in order to improve design and supply the best product possible. 
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STANDARD MICROSYSTEMS 
CJORPORATION^ 



Package Outlines 



14, 16, 18, 20 PIN HERMETIC PACKAGE 



t-J 1-3 l-U t — I I— 1 L— I tLj L-^ ' 



nWW 



Ml 



TT 



SEATING PLANE 1 



-.^ 



y 



DIM 


ULEAD 


16 LEAD 


18 LEAD 


20 LEAD 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


A 


.670 


.760 


.790 


.810 


.885 


.915 


.965 


.995 


C 




.175 




.175 




.175 




.175 


D 


.015 


.021 


.015 


.021 


.015 


.021 


.015 


.021 


F 


.048 


.060 


.048 


.060 


.048 


.060 


.048 


.060 


G 


.090 


.110 


.090 


.110 


.090 


.110 


.090 


.110 


J 


.008 


.012 


.008 


.012 


.008 


.012 


.008 


.012 


K 


.130 


.170 


.130 


.170 


.130 


.170 


.130 


.170 


L 


.295 


.325 


.295 


.325 


.295 


.325 


.295 


.325 


M 




10° 




10° 




10° 




10° 


N 


.025 


.060 


.025 


.060 


.025 


.060 


.025 


.060 



24, 28, 40 LEAD HERMETIC DIP 







— . — . — — r-i i-f — 






1 


























^ 


1-^.05 






- — ^ — r\ 


i 


fLrLTLrLrLn n 


\ 


1X1-0-11-11-11-11- ■ -T -T -T -T 




f*~t 0.100 TYP 

PIN SPACING 


IWfWfWW- 

J-^ 0.040 TYP 
1-"— 0.018 TYP 


-i— 0.010 NOM 
- — .600 REF 



DIM 


24 LEAD 


28 LEAD 


40 LEAD 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


A 


1.188 


1.212 


1.386 


1.414 


1.980 


2.020 


B 


.568 


.598 


.568 


.598 


.568 


.598 


C 


.590 


.610 


.590 


.610 


.590 


.610 


D 


.070 


.090 


.070 


.090 .070 


.090 


E 


.025 


.060 


.025 


.060 


.025 


.060 


F 


.130 


.170 


.130 


.170 


.130 


.170 



ALL UNITS INCHES UNLESS OTHERWISE SPECIFIED 
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Plastic Package Outlines 



i^MMM i2ii3£i£a 



ijuyy 



yyuu 





SEATING PLANE 



DIM 


8 LEAD 


ULEAD 


16 LEAD 


18 LEAD 


20 LEAD 


24 LEAD 


28 LEAD 


40 LEAD 


A 


^ .380-.400 


.750-.770 


.750-.770 


.900-.920 


1 .030-1 .050 


1.245-1.265 


1.450-1.470 


2.050-2.070 


B 


.240-.250 


.240-.250 


.240-.250 


.240-.250 


.250-.260 


.530-.545 


.535-.550 


.535-.550 


C 


.125-. 135 


.125-.135 


.130-. 140 


.130-.140 


.130-. 140 


.145-. 155 


.145-. 155 


.145-. 155 


D 


.016-.021 


.016-.021 


.016-.021 


.016-.021 


.016-.021 


.016-.021 


.016-.021 


.016-.021 


E 


.290-,330 


.290-.330 


.290-.330 


.290-.330 


.290-.330 


.590-. 630 


.590-.630 


.590-.630 


F 


.055-.065 


.060-.070 


.060-.070* 


.060-.070 


.060-.070 


.060-.070 


.060-.070 


.050-.060 


G 


.090-.110 


.090-.110 


.090-.110 


.090-.110 


.090-.110 


.090-.110 


.090-.110 


.090-.110 


H 


.040-.050 


.075-.085 


.025-.035 


.040-.060 


.065-.075 


.065-.085 


.070-.090 


.070-.090 


J 


.010-.014 


.010-.014 


.010-.014 


.010-.014 


.010-.014 


.010-.014 


.010-.014 


.010-.014 


K 


.120-. 140 


.120-.140 


.120-. 140 


.120-. 140 


.120-. 140 


.120-. 140 


.120-. 140 


.120-. 140 


L 


.315-.370 


.31 5-. 365 


.31 5-. 365 


.31 5-. 365 


.31 5-. 365 


.510-. 670 


.610-. 670 


.610-.670 


M 


.210-.250 


.210-.250 


.210-.250 


.210-.250 


.210-.250 


.210-.250 


.210-.250 


.210-.250 



■.045 TYP FOR END LEADS 
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STANDARD MICROSYSTEMS 
(DORPORAnON^ 




Cerdip Package Outlines 



8 LEAD CERDIP PACKAGES 




14, 16, 18, 20 LEAD CERDIP PACKAGES 

m^ ciM 



pw TO\r 






jJU 



24, 28, 40 LEAD CERDIP PACKAGES 





) 


7" \}[I\J 




\I\}{1 






^U- 



DIM 


8 LEAD 


14 LEAD 


16 LEAD 


18 LEAD 


20 LEAD 


24 LEAD 


28 LEAD 


40 LEAD 


A 


.400 MAX 


.785 MAX 


.810 MAX 


.915 MAX 


.970 MAX 


1 .280 MAX 


1 .460 MAX 


2.070 MAX 


B 


.245-.295 


.244-.295 


.244-.295 


.265-.295 


.265-.295 


.510-.595 


.510-.595 


.510-.595 


C 


.160 MAX 


.160 MAX 


.180 MAX 


.180 MAX 


.180 MAX 


.180 MAX 


.180 MAX 


.180 MAX 


D 


.016-.020 


.016-.020 


.016-.020 


.016-.020 


.016-.020 


.016-.020 


.016-.020 


.016-.020 


E 


.290-.320 


.290-.320 


.290-.320 


.310-.330 


.310-.330 


.590-.620 


.590-. 620 


.590-.620 


F 


.050-.070 


.050-.070 


.050-.070 


.050-.070 


.050-.070 


.050-.070 


.050- .070 


.050-.070 


G 


.100±.010 


.100±.010 


.100±.010 


.100±.010 


.100±.010 


.100±.010 


.100±.010 


.100-.010 


H 


— 


.065 TYP 


.020 TYP 


.040 TYP 


.020 TYP 


.045 TYP 


.045 TYP 


.045 TYP 


J 


.008-.012 


.008-.012 


.008-.012 


.008-.012 


.008-.012 


.008-.012 


.008-.012 


.008-.012 


L 


.400 MAX 


.400 MAX 


.400 MAX 


.400 MAX 


.400 MAX 


.700 MAX 


.700 MAX 


.700 MAX 


M 


.240-.300 


.240-.300 


.240-.300 


.240-.300 


.240-.300 


.240-.300 


.240-.300 


.240-.300 


K 


.125 MIN 


.125 MIN 


.125 MIN 


.125 MIN 


.125 MIN 


.125 MIN 


.125 MIN 


.125 MIN 
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STANDARD MICROSYSTEMS 



CORPORATION^ 



SALES REPRESENTATIVES 



ALABAMA 

Electronic Marketing Assoc. 
P.O. Box 5306 
500 Wynn Drive 
Executive Plaza #301 B 
Huntsville.AL 35805 
(205)837-7363 

ARIZONA 

RELCOM Inc. 
4314E.TontoSt. 
Phoenix, A2 85044 
(602)893-1209 

ARKANSAS 

Technology Sales Co. 
4851 Keller Springs Rd, 
Suite 103 
Dallas, TX 75248 
(214)380-0200 

CALIFORNIA 
(Southern) 

Varigon Associates 
137Eucalyptus Drive 
El Segundo, CA 90245 
(213)322-1120 

Varigon Associates 

22932 El ToroRd. 

Suite 5 

El TofD.CA 92630 

(714)855-0233 

Ceroo 

5230 Carrol Canyon Rd. 

Suite 214 

San Diego, CA 92121 

(619)450-1755 

(Northern) 

Costar, Inc. 

19220 Stevens Creek Blvd. 

Cupertino, CA 95014 

(408)446-9339 

TWX: (910) 338-0206 

COLORADO 

D-Z Associates, Inc. 
3699 West 73rd Ave. 
Westminster, CO 80030 
(303)429-9369 
TWX: (910) 380-6190 

CONNECTICUT 

Orion Group 
27 Meriden Ave. 
Southington, CT 06489 
(203)621-8371 

DELAWARE 

Tritek Sales Inc. 
21 E. Euciki Ave. 
Haddonfield, NJ 08033 
(609)429-1551 
TWX (710) 896-0881 

FLORIDA 

Donate & Associates, Inc. 
5401 Kirkman Rd. 
Orlando, FL 32819 
(305)352-0727 

GEORGIA 

Electronic Marketing Assoc. 
6695 Peachtree Indus. Blvd. 
Suite 109 
Atlanta, GA 30360 
(404)448-1215 



IDAHO 

Quest Marketing, Inc. 
14230 N.E. 8th St. 
Bellevue.WA 98007 
(206) 747-9424 

IOWA 

Quantum Sales 
10800 Normandale Blvd. 
Bloominaton. MN 55437 
(612) 884-4700 

ILLINOIS 

Metcom Associates Corp. 
Two Talcott Road 
Park Ridge, IL 60068 
(312)696-1490 

INDIANA 

Wilson Technical Sales, Inc. 
RO. Box 40699 
Indianapolis, IN 46240 
(317)298-3345 
TWX (810) 341-3264 

KANSAS 

S.W. Wollard Co. 
Rural Route I Box 66A 
Parker, KS 66072 
(913)898-6552 

KENTUCKY 

Wilson Technical Sales, Inc. 
RO, Box 40699 
Indianapolis, IN 46240 
(317)298-3345 
TWX (810) 341-3264 

LOUISIANA 

Technology Sales Co. 
4851 Keller Springs Rd. 
Suite 103 
Dallas, TX 75248 
(214)380-0200 

MAINE 

Mill-Bern Assoc., Inc. 
120 Cambridge St, 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 

MARYLAND 

Robert Electronic Sales 
5525 Twin Knolls Rd. 
Suite 331 

Columbia, MD 21045 
(301)995-1900 

MASSACHUSETTS 

Mill-Bern Assoc. Inc. 
120 Carti bridge St. 
Suite 8 

Burlington, MA 01803 
(617)273-1313 

MICHIGAN 

A. P. Associates 
RO. Box 777 
Brighton, Ml 48116 
(313)229-6550 
TLX: 287310 APAIUR 

MINNESOTA 

Quantum Sales Inc. 
10800 Itormandale Blvd. 
Bloomington, MN 55437 
(612)884-4700 



MISSISSIPPI 

Electronic Marketing Assoc. 
210 West Stone Ave. 
Greenville, SC 29609-5499 
(803) 233-4637 
(803)233-4638 
TWX: (810) 281-2225 

MISSOURI 

Abrams & Assoc. 
67 Ladue Estates 
St. Louis, MO 63141 
(314)569-0447 

MONTANA 

Quest Marketing, Inc. 
14230 N.E. 8th It, 
Bellevue, WA 98007 
(206)747-9424 

NEBRASKA 

S.W. Wollard Co, 
Rural Route 1 Box 66A 
Parker, KS 66072 
(913)898-6552 

NEVADA 

RELCOM Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602)893-1209 

NEW JERSEY 
(Northern) 

Lorac Sales Elect. Inc. 
550 Old Country Rd. 
Room 410 
Hicksville, NY 11801 
(516)681-8746 

(Southern) 

Tritek Sales Inc. 
21 E. Euclid Ave. 
Haddonfield, NJ 08033 
(609)429-1551 
TWX: (710) 896-0881 

NEW HAMPSHIRE 

Mill-Bern Assoc., Inc. 
120 Cambridge St. 
Suite 8 

Burlington, MA 01803 
(617) 273-1313 

NEW MEXICO 

RELCOM Inc. 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602)893-1209 

NEW YORK 

Lorac Sales Elec. Inc. 
550 Old Country Rd, 
Room 4T0 
Hicksville. NY 11801 
(516)681-8746 

T-Squared Elec. Co. Inc 
6443 Ridings Road 
Syracuse, NY 13206 
(315) 463-8592 

T-Squared Elec. Co. Inc 
7353 Pittsford- Victor Rd 
Victor, N.Y 14564 
(716)924-9101 



NORTH CAROLINA 

Electronic Marketing Assoc. 
9225 Honeycut Creek Rd. 
Raleigh, NC 27609 
(919) 847-8800 
TWX: (510) 928-0594 

NORTH DAKOTA 

Quantum Sales 
10800 Normandale Blvd. 
Bloomington, MN 55437 
(612)884-4700 

OHIO 
Southern) 

Thompson & Associates 
309 Regency Ridge 
Dayton, OH 45459 
(513)435-7733 
TLX (810) 459-1767 

(No. Ohio, Cleve) 

Thompson Associates 
23715 Mercantile Rd. 
Beachwood, OH 44122 
(216)831-6277 
TWX 810-427-9453 

OKLAHOMA 

Technology Sales Co. 
4851 Keller Springs Rd. 
Suite 103 
Dallas, TX 75248 
(214)380-0200 

OREGON 

Quest Marketing, Inc. 
6700 S.W. 105th 
Suite 311 

Beaverton, OR 97005 
(503)641-7377 

PENNSYLVANIA 
(Eastern) 

Tritek Sales Inc. 
21 E. Euciki Ave. 
Haddonfield, NJ 08033 
(609)429-1551 
TWX (710) 896-0881 

QVestem) 

Thompson & Associates 
309 Regency Ridge 
Dayton. OH 45459 
(513)435-7733 

RHODE ISLAND 

Mill-Bern Assoc, Inc. 

120CambrkJgeSt. 

Suite 8 

Burlington, MA 01803 

(617)273-1313 

SOUTH CAROLINA 

Electronic Marketing Assoc. 
210 W.Stone Ave. 
Greenville, SC 29609-5499 
(803) 233-4637 
(803) 233-4638 
TWX: (810) 281-2225 

SOUTH DAKOTA 

Quantum Sales 
10800 Normandale Blvd. 
Bloomington, MN 55437 
(612)884-4700 



TENNESSEE 

Electronic Marketing Assoc. 
210 W.Stone Ave. 
Greenville, SC 29609-5499 

(803) 233-4637 
(803)233-4638 
TWX: (810) 281-2225 

TEXAS 

(El Paso) 

RELCOM Inc, 
4314 E. Tonto St. 
Phoenix, AZ 85044 
(602)893-1209 

Technology Sales Co. 
4851 Keller Springs Rd. 
Suite 103 
Dallas, TX 75248 
(214)380-0200 
TLX (910) 860-5368 

Technology Sales Co. 
3409 Executive Center Rd. 
Suite 139 
Austin, TX 78731 
(512)346-9940 
TLX: 709685 

Technology Sales Co. 
2825Wilcrest 
Suite 100 

Houston, TX 77042 
(713)266-2473 

UTAH 

D-Z Associates, Inc. 

2520 So. State St. 

Suite 154 

Salt Lake City, UT 841 15 

(801)486-4233 

VERMONT 

Mill-Bern Assoc., Inc. 
120 Cambridge St, 
Suite 8 

Burlington, MA 01803 
(617)273-1313 

VIRGINIA 

Robert Electronic Sales 
Suite 103 
7637 Hull St. 
Richmond, VA 23235 

(804) 276-3979 

(West Virginia) 

Thompson Associates 
23715 Mercantile Rd. 
Beachwood. OH 44122 
(216)831-6277 
TWX: (810) 427-9453 

WASHINGTON 

Quest Marketing, Inc, 
15921 N.E. 8th St. 
Suite 207 

Bellevue.WA 98008 
(206) 747-9424 

WASHINGTON O.C. 

Robert Electronic Sales 
5525 Twin Knolls Rd. 
Suite 331 

Columbia, MD 21045 
(301)995-1900 



AREA SALES 
MANAGEMENT OFFICES 

EASTERN AREA 
3? Marcus Bou eva'O 
Hauppa-jge NY 11788 
(518)273-3100 
TWX S10-Z?7-8898 
TELEX 275S08 

NORTHEAST AREA 

400 Amherst St. 
Nashua, NH 03063 
ra03) 886-1107 
TLX:SS30S7 

WESTERN AREA 

Tu'xE.llerprtses 
2172 Oupont Dr 
Patic Bidg 
l'Vi-'!e,CA927-i5 
(714)955-1575 
TWX 910-595-2635 

SOUTHERN AREA 

MicrosyaSerrts Sa^ss 

Box 169147 

841-1 Slenng Stress 

Su-ie 102 

irvsng TX 75063 

(214)252-5548 

TWX91O-987-0646 

NO. CENTRAL AREA 

Standard W^c-osyste-nsCoiTi 

PO Box 292487 

3411 Office Parte Oriw:. I 

Sbita 106 T ' , 

I.OH45426 .. 
-13 



WISCONSIN 
(East) 

Metcom Associates Corp. 
237 S. Curtis Rd, 
W. Allis, Wl 53214 
(414)476-1300 

(West) 

Quantum Sales 
10800 Normandale Blvd. 
Bloomington, MN 55437 
(612) 884-4700 

PUERTO RICO 

Mill-Bern Associates, Inc. 
G.RO. Box 4543 
San Juan, Puerto Rico 00936 
(809) 727-2404 



INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 



AUSTRIA 

Othmar Lackner 
Elektron Bauelemente 
und Gerate 
Singerstr. 2, 
1010 Vienna 
43-222-531185 
TLX: 847111198 

AUSTRALIA 

Total Electronics 
9 Harker St. 
Bunwood, Victoria 31 25 
(03) 288 4044 
TLX: AA 31261 



BELGIUM 

Auriema Belgium S.A..'N.V. 
Rue Brognezstraat 172-A 
B-1 070 Brussels 
32-2-523-6295 
TLX: 84621646 

BRAZIL 

Filcres 

Rua Aurora, 165 

CEP 01209 

Caixa Postal 18767 

Sao Paulo 

011-223-7388 

TLX: 1131298 



CANADA 
(Toronto) 

Haltronics, Ltd. 

1085 North Service Rd. E. 

Oakville, Ontario 

Canada L6H1A6 

(416)844-2121 

TWX: (610) 495-2664 

(Calgary) 

Haltronics, Ltd. 
205 9th Ave. S.E. 
Suite #300 
Calgary 

Alberta T2GOP8 
(403) 264-2121 
TELEX: 038-21519 
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DENMARK 

Tage Olsen A/S 
BaTlerup Byvej 222 
2750 Ballerup 
45-2-658111, 
TLX: 85535293 

FINLAND 

Instrumentarium Elek. 
RO. Box 64 
SF-02631ESP0063 
358-0-5281 TLX: 124426 

FRANCE 

Tekelec Airtronic 
Cite Pes Bmyeres 
Rue Carle Vernet 
BP2 92310 Sevres 

fLX:20455'2F 
FAX: 33-1-507-21-91 



GREAT BRITAIN 

Manhattan Skyline 
Manhattan House 
Bridge Road 
Maidenhead, Berkshire 
United Kingdom SL6 8DB 
44-628-39735 
TLX: 851-847898 
FAX: (0628) 782812 

HOLLAND 

Auriema Nederland BV 

Doornakkersweg-26 

5642MP Eindhoven 

Nederland 

Tel. 31-40-816565 

TLX: 84451992 



EUROPE SALES OFFICE 

S'a'-aaid W-ic-osvstcms Gtsh 
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D-BOOOfdluencppSI 

WEST GERMANY 

49-89-919594 

TLX: 5214433 SMCG 

APPLICATIONS CENTER 
FAR EAST 

Standard Micosvstems Coip 

lAs-ai Taiwan Brancn 

7F-1 565 

T,,p HbO S Roao 

Taipei Tawan 

RO.C 

02-700-5457 

iilX: JicMSiaCiw 



INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS (con't) 



HONG KONG 

Protech Components Ltd. 

Flats, 10/F, 

Wing Shing Ind. BIdg., 

26 Ng Pong St. 

San Po Kong, 

Kowloon 

Tel. 3-255106 

TLX: 38396 PTLD HX 

INDIA 

Shivam Computers PVT Ltd. 
9 National Chambers 
near Dipail Cinema 
Ashram Road 
Ahmedabad 380009 
Tel: (0)409161 
(R) 443488 
TWX: 121539 TRCE-IN 



ISRAEL 

RDT Electronics Engn Ltd. 

ATIDIM Advanced 

Technologies Park 

Neve Sharat 

Tel Aviv 

Mailing Address: 

PO. Box 43137 

Tel Aviv 61430 

Tel: 972-3492187, 188, 

191,193,194,197 

TLX; 371452 OR 92233551 

ITALY 

Dott. Ing. Guiseppe 

De Mico S.RA. 

Viale Vittorio Veneto 8 

20060 Cassina De Pecchi 

Milano 

02-95-20-551 TLX: 330869 



DISTRIBUTORS 



ALABAMA 

Hiii-Mark/'Hunstviile 
4900 Bradford Drive 
Huntsville, AL 35807 
(205) 837-8700 

ARIZONA 

Cetec Electronics 
3617 N. 35th Ave. 
Phoenix, AZ 85017 
(602) 272-7951 

Western Micro. Sales 
7740 East Redfield 
Scottsdale, AZ 85260 
(602) 948-4240 

Hall-Mark,'Phoenix 
4040 E. Raymond 
Phoenix, AZ 85040 
(602)437-1200 

CALIFORNIA 

Cetec Electronics 
5610 E. Imperial Hwy. 
South Gate, CA 90280 
(213)773-6521 
(714) 521-7412 

Cetec Electronics 
2300 Owen St. 
Santa Clara, CA 95051 
(408)980-0110 

Cetec Electronics 
3940 Ruffin Rd. 
San Diego. CA 92123 
(619) 278-5020 

Cetec Electronics 
1692 Browning 
Irvine, CA 92714 
(714) 250-4141 

Diplomat Electronics, Inc. 
1293AMt. View-AlvisoRd. 
Sunnyvale, CA 94086 
(408) 734-1900 

Diplomat Electronics, Inc. 
140 Mc Cormick Ave. 
Costa Mesa, CA 92626 
(714) 549-8401 

Diplomat Electronics 
20151 Bahama St. 
Chatswonh,CA 91311 
(818)341-4411 

Diplomat Electronics 
9787 Aero Drive 
San Diego, CA 921 23 
(619)292-5693 

NESCO 

7110 Gerald Ave. 

VanNuys, CA91406 

(800)423-2664 

NESCO 

1651 E. EdingerAve. 

Suite 108 

Santa Ana. CA 92705 

(714)541-6181 

Western Micro Sales 
10040 Bubb Road 
Cupertino. CA 95014 
(408)725-1660 

Hall-Mark Bay Area 
1110 Ringwood Court 
San Jose, CA 95131 
(408) 946-0900 

Hall-Mark Sacramento 
6341 Auburn Blvd. 
Suite D 

Citrus Heights. CA 95610 
(916) 722-8600 



Hall-Mark/'San Diego 

3878 Ruffin Road 

Suite 108 

San Diego, CA 92123 

(619)268-1201 

Hall-Markj'San Fernando 
8130 Remmet Ave 
Canoga Park, CA 93104 
(818) 716-7300 

Hall-Mark/'Orange County 
14831 Franklin Ave. 
Tustin, CA 92680 
(714) 669-4700 

Hall-MarkWest L.A. 
2221 East Rosecrans Ave. 
Suite 104 

El Segundo, CA 90245 
(213) 643-9101 

COLORADO 

Diplomat Electronics, Inc. 
3974 Youngfield St. 
Wheatridge, CO 80033 
(303)422-9229 

Hall-Mark'Denver 
6950 South Tucson Way 
Englewood,CO80112 
(303) 790-1662 

CONNECTICUT 

Diplomat Electronics, Inc. 
52 Federal Road 
Danbury,CT 06810 
(203) 797-9674 

J.V. Electronics, Inc. 
690 Main Street 
East Haven, CT 06512 
(203) 469-2321 

Milg ray/Connecticut 
378 Boston Post Road 
Orange, CT 06477 
(203)795-0711 

Hall-Mark Electronics 
Barnes Industrial Park W. 
10 Barnes Road 
Wallingford,CT 06492 
(203) 269-0100 

FLORIDA 

Diplomat Electronics, Inc. 
2120 Calumet St. 
Cleararater, FL33515 
(813)443-4514 

Diplomat Electronics, Inc. 
1300 N.W. 65th Place 
Fort Lauderdale. FL 33309 
(305) 974-8700 

Milgray Florida, Inc. 
1850 Lee Rd., Suite 104 
Winter Park, FL 32789 
(305) 647-5747 
(800) 327-5262 

Hall-Mark Ft. Lauderdale 
3161 S.W. ISthSt. 
Pompano Beach. 
FL 33069-4806 
(305) 971-9280 

Hall-MarkOrlando 
7648 Southland Blvd. 
Suite 100 
Oriando,FL 32809 
(305) 855-4020 

Hall-Mark Cleara/ater 
15301 Roosevelt Blvd. 
Suite 303 

Cleanwater, FL 33520 
(813) 530-4543 



JAPAN 

TOMEN Electronics Corp 
1-1 Uchisaiwai-Cho 
2 Chome, Chiyoda-Ku 
Tokyo 100 
S06-4670-6 
TLX: J23548 

Internix Inc. 

Shinjuku Hamada BIdg 7-4-7 

Nishi-shinjuku, Shinjuku Ku 

Tokyo 160 

(02)537-5091 

TLX: 13579MSCG P 

FAX: (02)542-2805 



GEORGIA 

Diplomat Electronics, Inc. 
6659 Peachtree Ind. Blvd. 
Suite B 

Norcross, GA 30092 
(404) 449-4133 

Milgray/Atlanta 

17 Dunwoody Park, Suite 102 

Atlanta, GA 30338 

(404) 393-9666 

(800)241-5523 

Hall-Mark/Atlanta 
6410 Atlantic Blvd. 
Suite 115 

Norcross, GA 30071 
(404) 447-8000 

ILLINOIS 

Diplomat Electronics, Inc. 
1071 JudsonSt. 
Bensenville, IL 60106 
(312)595-1000 

Mar-Con 
4836 Main Street 
Skokie, IL 60076 
(312)675-6450 

Hali-Mark/Chicago 
11 77 Industrial Dr. 
Bensenville, IL 60106 
(312) 860-3800 

INDIANA 

Advent Electronics 
8446 Moller Rd. 
Indianapolis, IN 46268 
(317) 872-4910 

IOWA 

Advent Electronics 
682 58th Ave., CT,SW 
Cedar Rapids, lA 52404 
(319) 363-0221 

KANSAS 

Milgray'Kansas City 
6901 West 63rd St. 
Overiand Park, KS 66202 
(913)236-8800 

Hall-Marki Kansas City 
10815 Lakeview Drive 
Lenexa,KS 66215 
(913)888-4747 

MARYLAND 

Diplomat Electronics, Inc. 
9150 Rumsey Rd., Suite A6 
Columbia, MD 21045 
(301)995-1226 

MilgrayWashington 
11820 Parklawn Dr. 
Rockville, MD 20852 
(301)468-6400 
(800)638-6656 

Resco Baltimore 
4961 Mercantile Rd. 
White Marsh, MD 21236 
(301)529-0500 

Resco Washington 
10523 EwingRd. 
Beltsville, MD 20705 
(301)937-9100 

Hall-Mark Baltimore 
10240 Old Columbia Rd. 
Columbia, MD 21046 
(301)988-9800 

MASSACHUSETTS 

Diplomat Electronics, Inc. 
28 Cummings Pk. 
Woburn, MA 01801 
(617)935-6611 



NORWAY 

Henaco A/S 

BOKS126, Kaldbakken 

N-0902 

Oslo 9 

47-2-16210 

TLX: 76716 Hanac N 

SINGAPORE 

Logic Devices PTE Ltd. 

68 Orchard Road 

#04-32 Plaza Singapura 

Singapore 0923 

3390022 

TWX: RS3481 INHOME 

SOUTH AFRICA 

Eagle Electric 
31-41 Hout Street 
Capetown 8000 
Rppiihlirnf .':^nnth Afrinq 
451421 
TLX: 5-20713 



JV Elec. of Boston Inc. 
155 West St. 
Wilmington, MA 01887 
(617)273-4300 

Milgray/New England 
79 Terrace Hail Ave. 
Burlington, MA 01 803 
(617)272-6800 

RC Components 
222 Andover St. 
Wilmington, MA 01887 
(617)657-4310 

Hall-Mark/Boston 
8A Henshaw St. 
Woburn. MA 01801 
(617)935-9777 

MICHIGAN 

Advent Electronics 
24713 CrestviewCt. 
Farmington Hills, Ml 48018 
(313)477-1650 

Calder Electronics 
4245 Brockton Dr,S.E. 
Grand Rapids, Ml 49508 
(616) 698-7400 

MINNESOTA 

The Joel Company 
612-1 1th Ave. So. 
Hopkins, MN 55343 
(612) 935-6202 

Hall-Mark/Minneapolis 
7838 12th Ave. So. 
Bloomington, MN 55420 
(612) 854-3223 

Diplomat Electronics, Inc. 
14920 28th Ave. No. 
Plymouth, MN 55441 
(612) 559-2500 

MISSOURI 

Hall-MarkSt. Louis 
13750 Shoreline Industrial 
Earth City, MO 63045 
(314) 291-5350 

NEW JERSEY 

Diplomat Electronics, Inc. 
490 South Riverview Dr. 
Totowa,NJ 07512 
(201)785-1830 

Diplomat Electronics, Inc. 
2091 Springdale Rd. 
Suite 2 

Cherry Hill, NJ 08003 
(609) 751-0440 

Milgray/Delaware Valley 
3002 Greentree 
Executive Campus 
Marlton, NJ 08053 
(609)983-5010 
(800) 257-7808 
(800)257-7111 

Hall-Mark North Jersey 
107 Fairfield Rd. 
Suite IB 

Fairfield, NJ 07006 
(201)575-4415 

Hall-Mark'Philadelphia 
2091 Springdale Rd. 
Cherry Hill, NJ 08003 
(609)424-7300 

NEW YORK 

Diplomat Electronics 
1 1 Marcus Dr. 
Melville. NY 11747 
(516)454-6334 



SOUTH KOREA 

Kortronics Enterprise 

Room 307, B-9 

#604-1 , Guro-Dong, Guro-gu 

Seoul 

634-5497 

TLX: MICROS K28484 

SPAIN 

Amitron S.A. 

Avenida de Valladolid, 47A 

28008 Madrid 

247-93-13 

248-58-63 

TLX: 45550 AMIT-E 

SWEDEN 

NAXAB 
Box 41 15 
17104 Solna 
08-98-51-40 
TLX-17912 



Diplomat Electronics 
4610 Wetzel Road 
Liverpool, NY 13088 
(315) 652-5000 

Current Components 
21 5 Marcus Blvd. 
Hauppauge, NY 11788 
(516) 273-2600 

ADD Electronics 
7 Adier Drive 
E.Syracuse, NY 13057 
(315) 437-0300 

Milgray Electronics, Inc. 
77 Schmitt Blvd. 
Farmingdale, NY 11735 
(516) 420-9800 

Milgray/Upstate NY 
57 Monroe Ave. 
Pittsford, NY 14534 
(716)385-9330 

Hall-Mark'Long Island 
1 Comae Loop 
Ronkonkoma, NY 17779 
(516)737-0600 

NORTH CAROLINA 

Hall-Mark/Raleigh 
5237 North Blvd. 
Suite D 

Raleigh, NC 27604 
(919)872-0712 

OHIO 

Applied Data Management 
435 Dayton St. 
Cincinnati, OH 45214 
(513)579-8108 

Hall-Mark'Cincinnati 
4460 Lake Forest Drive 
Suite 202 

Cincinnati, OH 45242 
(513) 563-5980 

Hall-Mark/Cleveland 
5821 Harper Rd. 
Solon, OH 44139 
(216) 349-4632 

Hall-Mark/Columbus 

6130SunburyRd. 

Suite B 

Westerville, OH 43081 

(614)891-4555 

OKLAHOMA 

Quality Components 
9934 E. 21st St. 
Tulsa, OK 74129 
(918) 664-8812 

Hall-MarkTulsa 
5460S. 103 E.Ave. 
Tulsa, OK 74145 
(918) 665-3200 

PENSYLVANIA 

QED Electronics, Inc. 

139Ten«oodRd. 

BoxT 

Willow Grove, PA 19090 

(215) 657-5600 

TEXAS 

Quality Components, Inc. 
4257 Kellway Circle 
P.O. Box 819 
Addison. TX 75001 
(214) 733-4300 

Quality Components. Inc. 
1005 Industrial Blvd. 
Sugarland. TX 77478 
(713) 491-2255 



SWITZERLAND 

Datacomp AG 
Zuercherstrasse 20 
CH-8952 Zurich Schlieren 
41-1-7302165 
TLX: 854553533 

TAIWAN 

Sertek International 
315FuHsingN. Rd. 
Taipei, Taiwan R.O.C. 
02-537-5091 
TLX: 13579 MSCGP 
FAX: (02) 542-2805 

WEST GERMANY 

Tekelec Airtronic GmbH 
Kapauzinerstrasse 19 
8000 Munich 2 
49-89-51640 
TLX:52224t 



Quality Components, Inc. 
2427 Rutland 
Austin, TX 78758 
(512) 835-0220 

Hall-Mark/ Austin 
12211 Technology Blvd. 
Austin, TX 78727 
(512)258-8848 

Hall-Mark/Dallas 
Distribution Center 
10375 Brockwood Rd. 
Dallas, TX 75238 
(214) 553-4300 

Hall-Mark/Houslon 
8000 Westglen 
Houston, TX 77063 
(713) 781-6100 

UTAH 

Diplomat Electronics, Inc. 
3007 S.W. Temple 
Salt Lake City, UT 841 15 
(801)486-4134 

WASHINGTON 

Western Microtechnology Sales 
14636 N.E. 95th Street 
Redmond, WA 98052 
(206) 881-6737 

WISCONSIN 

Taylor Electric 
PO. Drawer 1 1 N 
Milwaukee, Wl 53201 
(414)241-4321 
TWX (910) 262-3414 

Hall-Mark/Milwaukee 
9657 So. 20th St. 
Oak Creek, Wl 53154 
(414) 7671-3000 

CANADA 

Future Electronics Inc. 
237 Hymus Blvd. 
(Point Claire) 
Montreal, Quebec 
Canada H9R 5C7 
(514) 694-7710 

Future Electronics Inc. 
82 St. Regis Crescent No. 
Downsview, Ontario 
M3J 123 Canada 
(416) 638-4771 
TWX: (610) 491-1470 

Future Electronics Inc. 
3070 Kingsway 
Vancouver, B.C. V5R 5J7 
(604)438-5545 

Future Electronics, Inc. 
Baxter Center 
1050 Baxter Road 
Ottawa, Ontario, K2C 3P2 
(613) 820-8313 

Future Electronics Inc. 
5809 Mac Leod Trail S. 
Unit 109 

Calgary, Alberta T2H OJ 
(403) 259-6408 

Prelco 

480 Port Royal St. W. 
Montreal, Quebec H3L 2R9 
(514) 389-8051 

Prelco 

7611 BathRd. 
Mississauga, Ontario 
Canada L4T 3T1 
(416) 745-9370 

Prelco 

195 Stafford Road W. 

Ottawa, Ontario 

(612)726-1800 
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